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PREFACE 


This  report  was  prepared  as  a  dissertation  in  partial  fulfillment 
of  the  requirements  of  the  doctoral  degree  in  policy  analysis  at  The 
Rand  Graduate  Institute.  The  faculty  committee  that  supervised  and 
approved  the  dissertation  consisted  of  Bruce  Goeller,  Chairman,  R.V.L. 
Cooper,  and  L.  V.  Scifers. 

The  report  includes  comparative  program  costs  associated  with 
the  use  of  various  standardized  spacecraft  for  Air  Force  Space  Test 
Program  missions  to  be  flown  on  the  space  shuttle  during  the  1980-1990 
time  period  (the  original  study  was  completed'  under  the  joint  sponsor¬ 
ship  of  the  National  Aeronautics  and  Space  Administration  and  the  De¬ 
partment  of  Defense) .  The  first  phase  of  the  study  considered  a  va¬ 
riety  of  procurement  mixes  composed  of  existing  or  programmed  NASA 
standard  spacecraft  designs  and  a  new  Air  Force  standard  spacecraft 
design,  the  results  of  which  were  briefed  to  a  joint  NASA/ Air  Force 
audience  in  July  1976.  The  second  phase  considered  additional  pro¬ 
curement  options  using  an  upgraded  version  of  an  existing  NASA  de¬ 
sign;  this  phase  was  presented  to  the  clients  in  November  1976. 

For  this  report,  the  results  of  the  two-phase  study  are  cast  in 
the  broader  policy  context  of  NASA-DoD  cooperation  in  space  activities 
by  examining  the  experience  gained  by  NASA  and  DoD  during  the  1958- 
1965  time  period.  Also  analyzed  are  the  organizational  Interactions 
surrounding  the  case  study,  as  well  as  the  problems  and  prospects  of 
applying  the  lessons  learned  from  the  NASA-DoD  cooperation  experience 
to  other  situations. 

The  study  results  should  be  useful  to  NASA  and  Air  Force  space 
program  offices  Involved  in  operational  or  experimental  missions  and 
to  those  concerned  with  the  NASA-DoD  coordination  and  cooperation  in 
space  activities.  Because  the  impact  of  various  tariff  rates  is  ex¬ 
amined,  the  results  should  also  be  of  interest  to  those  concerned  with 
determining  the  shuttle  tariff  rate  structure  or  with  shuttle  operations. 

Although  the  study  examines  procurement  options  affecting  both 
NASA  and  Air  Force  programs,  the  results  should  not  be  interpreted 
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as  representing  the  official  views  or  policies  of  NASA  or  the  Air 
Force.  Preparation  of  this  report  was  supported  by  The  Rand  Corpora¬ 
tion  from  its  own  funds. 


i* 


SUMMARY  AND  CONCLUSIONS 


This  dissertation  presents  a  case  study  that  analyzes  some  of  the 

procurement  considerations  involved  in  selecting  an  unmanned  standard 

spacecraft  for  the  Air  Force  Space  Test  Program  missions  to  be  flown 

* 

during  the  space  shuttle's  initial  ten-year  operational  period.  The 
selection  process  included  a  comparative  evaluation  of  a  number  of 
procurement  options  derived  from  four  candidate  Air  Force  and  National 
Aeronautics  and  Space  Administration  (NASA)  standard  spacecraft  designs. 

The  case  study  is  placed  within  the  broader  policy  context  of  the  Con¬ 
gressional  requirement,  embodied  in  the  National  Aeronautics  and  Space 
Act  of  1958,  that  "close  cooperation  among  federal  agencies  [will  be 
maintained]  to  avoid  unnecessary  duplication  of  effort,  facilities, 
and  equipment." 

The  case  study  examined  in  this  dissertation  was  accomplished  in 
two  phases.  During  the  first  phase,  the  Space  Test  Program  Standard 
Satellite  (STPSS) — a  design  proposed  by  the  Air  Force — and  two  NASA 
candidates — the  Applications  Explorer  Mission  spacecraft  (AEM)  and  the 
Multimission  Modular  Spacecraft  (MMS) — were  considered.  During  the' 
second  phase,  a  fourth  candidate  was  introduced — a  larger,  more 
capable  AEM  (L-AEM) ,  configured  by  the  Boeing  Company  under  NASA  spon¬ 
sorship  to  meet  the  specifications  jointly  agreed  upon  by  NASA  and  the 
Air  Force.  Total  program  costs  for  a  variety  of  procurement  options, 
each  of  which  is  capable  of  performing  all  of  the  Air  Force  Space  Test 
Program  missions  during  the  1980-1990  time  period,  were  used  as  the 
principal  measure  for  distinguishing  among  procurement  options. 

Four  major  conclusions  have  been  drawn  from  this  case  study.  First , 
program  cost  does  not  provide  a  basis  for  choosing  among  the  AEM,  STPSS, 
and  MMS  spacecraft,  given  their  present  designs.  Second ,  the  availability 
of  the  L-AEM  spacecraft,  or  some  very  similar  design,  would  provide  a  basis 
for  minimizing  the  cost  of  the  Air  Force  Space  Test  Program.  The  L-AEM 
could  be  used  individually  or  in  combination  with  the  AEM  or  MMS  as 


See  footnotes,  pp.  2  and  5. 
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the  missions  required.  Third ,  the  program  costs  are  very  sensitive  to 
the  maximum  number  of  payloads  flown  per  spacecraft.  An  increase  from 
6  to  13  in  the  maximum  number  of  payloads  per  spacecraft  would  re¬ 
sult  in  about  30  percent  lower  program  cost.  Fourth,  launch  costs,  as 
determined  by  a  variety  of  formulas,  generally  did  not  affect  the  pre¬ 
ferred  procurement  option,  although  they  substantially  change  the  total 
program  costs.  The  modified  NASA  shuttle  tariff  rate  structure,  con¬ 
sidered  during  the  second  phase  of  the  case  study,  corrects  the  drastic 
cost  Imbalance  that  the  original  NASA  tariff  imposed  on  DoD  launches 
from  the  Western  Test  Range. 

Some  observations  have  been  made  concerning  organizational  features 
of  NASA-DoD  cooperation  during  the  case  study.  The  study  was  funded  by 
NASA  and  conducted  with  the  full  cooperation  of  both  NASA  and  the  Air 
Force;  it  was  done  with  the  approval  and  acknowledgment  of  the  Aero¬ 
nautics  and  Astronautics  Coordination  Board.  Because  of  a  variety  of 
motivational  factors,  the  cooperation  and  support  of  the  two  NASA  pro¬ 
gram  offices  and  the  Air  Force  Space  Test  Program  Office  involved  in 
the  study  were  exemplary. 

Between  the  first  and  second  phases  of  the  study,  the  Air  Force 
initiated  a  memorandum  of  agreement  that:  Cl)  supported  the  develop¬ 
ment  by  NASA  of  a  Small  Multimission  Modular  Spacecraft  (SUMS)  that 
would  meet  the  Air  Force  requirements,  (2)  agreed  to  procure  the  SMMS, 
and  (3)  offered  advance  payment  of  $1  million  to  accelerate  the  SMMS 
development  schedule.  NASA  declined  to  undertake  the  SMMS  until  it 
could  be  justified  by  NASA  missions  and  suggested  that  the  Air  Force 

procure  the  MMS  (in  accordance  with  the  first  phase  results  of  this 

** 

study),  but  declined  to  support  the  upgrading  of  the  AEM. 

* 

For  a  discussion  of  the  economic  framework  for  determining  the 
price  of  a  space  shuttle  launch,  see  C.  Wolf  et  al..  Pricing  and  Re¬ 
coupment  Policies  for  Commercially  Useful  Technology  Resulting  from 
NASA  Programs ,  The  Rand  Corporation,  R-1671-NASA,  January  1975. 

** 

The  results  of  the  first  phase  of  this  case  study  showed  that 
the  preferred  procurement  option  consisted  of  a  combination  of  the  MMS 
and  an  upgraded  AEM.  Without  the  upgraded  AEM,  the  Air  Force  faced  a 
$100  million  higher  program  cost. 


The  introduction  of  the  L-AEM  spacecraft  during  the  second  phase 
of  the  study  led  to  a  superior  procurement  option  that  did  not  neces¬ 
sarily  include  the  MMS  or  AEM.  The  L-AEM  spacecraft  is  very  similar 
to  both  the  Air  Force  STPSS  and  the  proposed  SMMS.  Since  NASA  had  de¬ 
clined  to  proceed  with  the  SMMS  development  in  response  to  the  Air 
Force-proposed  memorandum  of  agreement,  the  results  of  the  second  phase 
of  this  case  study  provided  the  Air  Force  Space  Test  Program  Office 
with  justification  for  developing  its  own  standard  spacecraft,  i.e., 
the  L-AEM.  At  the  present  time,  the  Air  Force  is  requesting  bids  from 
industry  for  designs  of  the  spacecraft  to  support  its  next  two  missions. 
Whether  or  not  the  resulting  spacecraft  designs  will  represent  the  be¬ 
ginning  of  an  Air  Force  standard  spacecraft  design  must  await  the  out¬ 
come  of  a  number  of  future  Air  Force  decisions.  In  any  event,  it 
appears  that  the  possibility  of  procuring  NASA  spacecraft  for  the  Air 
Force  Space  Test  Program  will  be  determined  case  by  case. 

Finally,  some  observations  are  presented  concerning  the  prospects 
and  problems  of  applying  the  NASA-DoD  cooperation  experience  to  other 
situations.  This  is  done  in  recognition  of  the  increasing  interest  in 
interdepartmental  and  international  cooperation  as  a  means  of  either 
achieving  economic  efficiency  or  of  undertaking  projects  that  one 
agency  or  country  cannot  support  on  its  own.  The  two  principal  under¬ 
lying  factors  that  were  essential  to  the  ultimate  success  of  the  NASA- 
DoD  cooperation  experience  are:  (1)  a  common  subset  of  missions  and 
resources — manpower,  data,  spacecraft,  launch  vehicles,  facilities, 
etc. — where  cooperation  was  possible  and  desirable,  and  (2)  a  common 
organizational  responsibility  to  the  Executive  Branch  (the  President 
and  the  Bureau  of  the  Budget) ,  which  in  turn  was  responsible  to 
Congress.  But  even  given  these  two  principal  factors,  it  took  four 
to  five  years  before  successful  cooperation  and  the  formal  organiza¬ 
tional  machinery  became  a  reality  for  NASA  and  DoD.  The  principal 
impediment  to  establishing  coordination  earlier  was  the  open  disagree¬ 
ment  between  President  Eisenhower  and  the  Congress  over  the  need  for 
NASA-DoD  coordination  and  their  respective  space  missions.  However, 
during  the  Kennedy  Administration,  cooperation  between  NASA-DoD  became 
institutionalized  after  the  Soviets'  first  manned  orbital  flight. 
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I.  INTRODUCTION 


The  National  Aeronautics  and  Space  Act,  enacted  on  July  29,  1958, 
requires  that  NASA  and  DoD  "avoid  unnecessary  duplication  of  effort, 
facilities,  and  equipment"  in  performing  their  portions  of  the  U.S. 
space  program.  Although  the  Congressional  justification  for  this 
requirement  was  to  minimize  expenditures  on  duplicative  space-related 
activities,  the  requirement  has  created  other  kinds  of  problems.  It 
has  compelled  NASA,  DoD,  the  Executive  Branch,  and  Congress  to  deal 
with  a  wide  variety  of  policy  problems  related  to  the  establishment 
and  maintenance  of  two  separate  organizations  for  carrying  out  the 
civilian  and  military  portions  of  the  U.S.  space  program.  Many  of 
these  policy  problems  associated  with  NASA  and  DoD  interagency  coopera¬ 
tion  have  varied  throughout  the  nineteen-year  history  of  NASA.  Some 
have  involved  role  and  mission  issues,  such  as  the  delineation  of  NASA 
and  DoD  unique  mission  areas;  the  identification  of  common  requirements 
for  services,  data,  and  space  equipment;  and  the  determination  of 
responsibilities  for  joint  programs.  Others  have  been  concerned  with 
the  development  of  organizational  arrangements  for  interagency  coopera¬ 
tion. 

As  the  U.S.  space  program  matured  within  the  context  of  a  changing 
political  and  economic  environment,  many  such  policy  problems  kept 
recurring.  The  expected  advent  of  the  space  shuttle  early  in  the  1980s 
as  the  standard  launch  vehicle  for  both  NASA  and  DoD  payloads,  for  ex¬ 
ample,  has  again  raised  a  UASA-DoD  roles  and  missions  policy  problem. 

In  this  instance,  there  are  two  parts  to  this  issue:  the  shuttle's 
suitability  (i.e.,  responsiveness  and  survivability)  for  launching 
operational  DoD  payloads  and  the  separation  of  civilian  and  military 
space  programs.  The  latter  problem  centers  on  the  use  of  a  NASA 
launch  vehicle  for  placing  classified  military  payloads  into  orbit. 

The  space  shuttle  era  also  brought  with  it  a  renewed  interest  in  stan¬ 
dard  spacecraft  designs  that  can  be  used  for  a  variety  of  mission  pay- 
loads.  Use  of  this  type  of  spacecraft  with  the  space  shuttle  offers 
operational  cost  savings  over  the  use  of  specialized  spacecraft  because 
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of  the  standardized  interface  between  the  spacecraft  and  the  launch  vehi¬ 
cle.  However,  the  use  of  standardized  spacecraft  necessitates  an  assess¬ 
ment  of  the  commonality  of  NASA  and  DoD  mission  and  spacecraft  needs  in 
keeping  with  the  requirement  that  they  cooperate  to  minimize  duplication. 

This  dissertation  examines  the  issues  surrounding  NASA-DoD  coopera¬ 
tion  for  a  specific  case  study — DoD  use  of  NASA  standard  spacecraft. 

Using  this  case  study,  the  primary  purpose  of  this  dissertation  is  to 
examine  some  of  the  procurement  considerations  involved  in  an  Air  Force 
decision  to  develop  its  own  standard  spacecraft  or  to  use  NASA  standard 

•k 

spacecraft  designs.  In  addition,  this  dissertation  (1)  places  the 
above  decision  within  the  broader  policy  context  of  the  overall  evolu¬ 
tion  of  NASA-DoD  cooperation  in  space  programs;  (2)  analyzes  the 
NASA-DoD  organization  interactions  surrounding  the  case  study;  and  (3) 
discusses  some  of  the  problems  and  prospects  of  applying  the  NASA-DoD 
experience  with  interagency  cooperation  to  other  situations  where  co¬ 
operation  may  be  an  important  ingredient. 

The  policy  context  of  this  dissertation  is  the  development  of  the 
NASA-DoD  interagency  cooperation  that  has  taken  place  during  the  nine¬ 
teen-year  history  of  NASA.  A  review  of  this  cooperative  experience 
helps  reveal  the  organizational  problems  that  arose  from  NASA's  con¬ 
flicting  goals  of  both  competing  with  and  cooperating  with  DoD,  an 
organization  that  had  similar  objectives  and,  in  some  instances,  greater 
capabilities.  This  review  also  illustrates  the  sensitivity  of  success¬ 
ful  organizational  arrangements  for  interagency  cooperation  to  (1)  the 
political  environment,  (2)  the  intentions  of  the  agencies  and  their  de¬ 
cisionmakers,  and  (3)  the  availability  of  adequate  time  for  organizational 


This  analysis  examines  only  some  of  the  economic  considerations 
concerned  with  the  Air  Force's  standard  spacecraft  procurement  deci¬ 
sion.  It  deals  mainly  with  the  direct  cost  and  benefits  associated 
with  the  development,  procurement,  and  operation  of  the  spacecraft 
needed  to  accomplish  the  Space  Test  Program  missions.  A  number  of 
assumptions  limiting  the  extent  of  the  economic  analysis  are  made  to 
keep  the  study  context,  as  defined  by  the  client's  (Air  Force's  Space 
Test  Program  Office)  organizational  responsibility,  the  study  budget, 
the  status  of  related  studies,  and  the  expected  impact  of  the  space¬ 
craft  procurement  decisions  on  other  areas,  within  practical  limits. 
These  assumptions  are  summarized  in  the  footnote,  p.  5. 
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development.  Finally,  the  policy  context  provides  not  only  the  under¬ 
lying  rationale  for  the  case  study  examined  in  this  dissertation,  but 
also  the  basis  for  understanding  the  organizational  interactions  sur¬ 
rounding  the  case  study. 

•  The  case  study  used  in  this  dissertation  examines  the  relative 

costs  of  using  one  or  more  of  several  possible  unmanned  standard  space- 

* 

craft  for  Air  Force  Space  Test  Program  missions  during  the  initial 
ten-year  operational  period  of  the  space  shuttle.  During  the  first 
phase  of  this  case  study,  the  Space  Test  Program  Standard  Satellite 
(STPSS) — a  design  proposed  by  the  Space  Test  Program  Office  of  the  Air 
Force  Space  and  Missile  Systems  Organization  (SAMSO) — and  two  NASA 
candidates — the  Applications  Explorer  Mission  spacecraft  (AEM)  and  the 
Multimission  Modular  Spacecraft  (MMS) — were  considered.  After  com¬ 
pletion  of  the  initial  study,  a  fourth  candidate  was  introduced — a 
larger  and  more  capable  AEM  (L-AEM),  configured  by  the  Boeing  Company 
under  NASA  sponsorship  to  meet  specifications  jointly  agreed  upon  by 
NASA  and  the  Air  Force.  The  evaluation  of  that  spacecraft  is  also 
included  in  the  results  of  this  case  study,  and  procurement  options 
derived  using  all  four  spacecraft  are  compared  for  the  Space  Test 
Program  missions.  The  case  study  was  funded  by  NASA  and  conducted  with 
the  full  cooperation  of  both  NASA  and  the  Air  Force. 

In  the  past,  the  Space  Test  Program  Office  procured  specialized 
spacecraft  as  required  for  specific  missions,  which  generally  meant 
designing  and  developing  a  new  spacecraft  for  each  new  mission.  The 
Space  Test  Program  Office  has  tried  to  reduce  the  cost  of  these  space¬ 
craft  by  requiring  that  (1)  the  contractor  use  flight-proven  components 
whenever  possible;  (2)  a  minimum  amount  of  demonstration  testing  be 
done;  (3)  high  technology  solutions  be  avoided;  and  (4)  the  institu¬ 
tional  aspects  of  the  program,  e.g.,  program  office  size,  be  minimized. 


The  Air  Force  Space  Test  Program,  a  triservice  activity  under  the 
management  of  the  U.S.  Air  Force,  is  discussed  in  detail  in  Sec.  III. 

It  is  responsible  for  providing  the  spacecraft  and  launch  vehicle,  for 
placing  the  spacecraft  in  orbit,  and  for  collecting  the  required  data 
from  space  experiments  derived  from  the  military  service  and  other 
operating  agencies. 
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To  date  the  Space  Test  Program  Office  has  been  very  successful  in  de¬ 
veloping  spacecraft  at  a  cost  substantially  lower  than  the  experience 

* 

of  more  traditional  programs  would  lead  one  to  expect. 

Recognizing  that  a  standard  spacecraft  produced  in  accord  with 
these  principles  could  generate  substantial  savings,  the  Space  Test 
Program  Office  contracted  for  a  spacecraft  configuration  study  by  TRW,^ 
which  is  used  as  the  baseline  configuration  for  this  case  study.  Asso¬ 
ciated  studies  of  other  aspects  of  the  STPSS  operation  and  design  were 
also  available. ^  ^ 

Concurrent  with  the  Air  Force  activity,  for  the  past  six  years 
NASA  has  been  working  on  another  standard  spacecraft  configuration, 
the  MMS. ^  Many  of  the  low-cost  aspects  of  the  Space  Test  Program 
concept  are  a  part  of  the  MMS  design  and  operational  philosophy  as 
well.  The  principal  distinction  is  an  emphasis  by  NASA  on  spacecraft 
retrieval  and  on-orbit  servicing  that  would  be  possible  with  a  space 
shuttle,  resulting  in  design  of  a  spacecraft  more  capable  than  those 
necessary  for  the  Air  Force  Space  Test  Program  missions.  The  MMS 
program  is  ahead  of  the  STPSS  chronologically — some  of  its  components 
have  been  developed,  the  design  is  firm,  and  contractor  bids  have  been 
received.  Thus  the  MMS  will  be  developed  at  no  cost  to  the  Air  Force, 
and  it  is  reasonable  to  ask  whether  both  the  MMS  and  STPSS  are  needed. 

The  availability  of  the  AEM  further  complicates  the  issue.  The 
AEM  is  more  advanced  in  the  development  cycle.  Boeing  is  under  contract 
to  NASA  to  develop  and  build  AEM  spacecraft  for  the  Heat  Capacity  Mapping 
Mission  (HCMM)  and  the  Stratospheric  Aerosol  Gaseous  Experiment  (SAGE) 
and,  again,  NASA  is  emphasizing  low  cost  in  the  spacecraft  design. 
Although  the  AEM  is  designed  specifically  for  two  missions,  it  has  a 
modular  design  that  makes  it  suitable  as  a  standard  spacecraft. 

An  additional  complication  is  that  the  AEM  can  be  upgraded  to  per¬ 
form  some  or  all  projected  Space  Test  Program  missions,  depending  on 
the  kind  of  attitude  control  subsystem  used.  To  answer  the  question 


These  cost  savings  are  in  addition  to  those  realized  because  of 
the  standardized  interface  between  the  space  shuttle  and  the  standard 
spacecraft  mentioned  earlier. 

J 
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of  which  spacecraft  would  enable  the  Space  Test  Program  Office  to  meet 
its  mission  responsibilities  at  the  lowest  cost  requires  a  comparative 

A 

analysis  of  program  costs  for  alternative  procurement  options.  This 
dissertation  describes  such  an  analysis  and  places  it  within  the  broader 
policy  context  of  the  evolution  of  NASA-DoD  cooperation  in  space  ac¬ 
tivities  since  the  Space  Act  of  1958  established  NASA.  Section  II 


The  following  assumptions  are  used  in  this  analysis: 

(1)  A  constant  performance  comparison  is  made  of  alternative 
spacecraft  procurement  options,  i.e.,  an  inelastic  demand  curve  for 
Space  Test  Program  payloads  is  assumed  over  the  relevant  range  of  total 
program  costs.  Although  this  was  one  of  the  client's  ground  rules  for 
the  case  study  (Sec.  Ill),  a  sensitivity  analysis  is  made  varying  the 
number  of  payloads  included  in  the  mission  model  to  determine  the 
effect  on  selection  of  the  preferred  procurement  option. 

(2)  A  mission  model  consisting  of  only  Space  Test  Program  pay- 
loads  is  used,  i.e.,  no  NASA  payloads  are  included.  As  indicated  in 
Sec.  Ill,  this  was  a  client's  ground  rule,  but  insofar  at  the  overall 
performance  requirements  as  derived  from  the  Space  Test  Program  pay- 
loads  are  representative  of  NASA  performance  requirements,  the  above 
sensitivity  analysis  illustrates  the  effect  of  including  NASA  payloads. 

(3)  Only  standard  spacecraft  launched  by  the  space  shuttle  are 
included  in  the  study,  i.e.,  zero  cross  price  elasticity  is  assumed 
for  both  spacecraft  and  launch  vehicle.  This  ground  rule  stems  from 
the  U.S.  policy  to  phase  out  expendable  boosters  once  the  space  shuttle 
is  operational  and  the  client's  interest  in  evaluating  only  standard 
spacecraft  designs  for  use  with  the  space  shuttle  (Sec.  III). 

(4)  No  estimate  is  made  of  the  employment  impact  in  the  geo¬ 
graphical  location  where  the  standard  spacecraft  would  be  manufac¬ 
tured.  This  is  ignored  because  the  manufacturers  of  most  of  the  space¬ 
craft  under  consideration  in  this  case  study  have  not  been  selected. 

(5)  A  fixed  price  is  assumed  for  an  Air  Force-dedicated  space 
shuttle  launch  over  the  relevant  number  of  launches.  This  assumption 
is  based  on  the  preliminary  output  provided  by  NASA  from  their  parallel 
study  to  establish  the  price  of  a  space  shuttle  launch  for  various 
users:  U.S.  commercial  firms,  foreign  users,  NASA,  and  other  U.S. 
government  agencies.  As  discussed  in  Secs.  Ill  and  IV,  a  sensitivity 
analysis  is  used  to  evaluate  the  effect  of  the  price  of  a  dedicated 
shuttle  launch  on  the  selection  of  the  preferred  procurement  option. 

(6)  A  fixed  tariff  formula  is  used  to  allocate  the  cost  of  a 
dedicated  shuttle  launch  to  Air  Force  Space  Test  Program  missions 
flown  in  proportion  to  the  services  rendered,  e.g.,  percentage  of 
total  shuttle  payload  weight-capacity  used.  A  parallel  NASA  study 
evaluating  various  tariff  formulas  for  allocating  the  cost  of  a  shut¬ 
tle  launch  to  users  of  partial  shuttle  capacity  (weight  or  volume) 
provided  inputs  for  a  sensitivity  analysis  to  evaluate  the  effect  of  the 
various  tariff  formulas  on  the  selection  of  a  preferred  spacecraft  pro¬ 
curement  option.  (See  Secs.  Ill  and  IV.) 
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traces  the  development  of  NASA-DoD  cooperation  in  the  U.S.  space  pro¬ 
gram  from  the  establishment  of  the  Eisenhower  space  policies  through 
the  mid-1960s.  It  deals  with  the  creation  of  the  National  Aeronautics 
and  Space  Act,  the  organizational  arrangements  to  ensure  coordination 
between  NASA  and  DoD,  and  the  resulting  NASA-DoD  relationship  as  it 
evolved  over  the  years.  Section  III  presents  the  case  study  objectives 
and  guidelines,  describes  the  spacecraft  configurations  and  the  neces¬ 
sary  modifications  needed  for  use  by  the  Air  Force  for  the  Space  Test 
Program  missions,  analyzes  the  mission  model,  and  presents  the  esti¬ 
mates  for  the  spacecraft  nonrecurring  and  recurring  costs,  as  well  as 
the  costs  of  the  various  launch  options.  Section  IV  summarizes  and 
compares  the  program  costs  of  alternative  spacecraft  procurement  op¬ 
tions,  the  results  of  the  sensitivity  analyses  conducted,  and  the  con¬ 
clusions  of  the  case  study.  Section  V  presents  a  discussion  of  the 
organizational  interactions  between  NASA  and  DoD  during  the  case  study. 
Section  VI  briefly  examines  some  of  the  prospects  and  problems  of 
applying  the  NASA-DoD  cooperation  experience  to  other  situations  where 
interagency  or  international  cooperation  may  be  an  important  ingredient. 

Separate  appendixes  briefly  discuss  the  spacecraft  and  program 
cost  analyses,  and  the  technical  assessments  of  the  relative  state  of 
the  art  of  the  major  spacecraft  subsystems  in  the  AEM,  STPSS,  and  MMS. 
Also  included  is  some  correspondence  about  NASA  and  DoD  joint  partici¬ 
pation  in  providing  a  standard  spacecraft  to  satisfy  the  Air  Force 
Space  Test  Program  Office  requirements. 
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II.  U.S.  SPACE  PROGRAM:  DEVELOPMENT  OF  NASA-DOD  COOPERATION  IN  SPACE 


In  this  section,  the  evolution  of  NASA-DoD  cooperation  in  the  U.S. 
space  program  will  be  traced  from  the  pre-Sputnik  era  through  the  mid- 
1960s.  First,  factors  that  may  have  influenced  the  passage  of  the  Na¬ 
tional  Aeronautics  and  Space  Act  will  be  reviewed.  These  include  the 
role  that  the  DoD  played  in  Project  Vanguard  and  the  ICBM  program,  the  im¬ 
pact  of  the  Soviets’  launch  of  Sputnik,  and  the  expected  decline  in  im¬ 
portance  of  the  manned  bomber  for  the  Air  Force.  These  factors  will  be 
cast  within  the  context  of  the  Eisenhower  space  policy.  Next,  the  main 
features  of  the  National  Aeronautics  and  Space  Act  dealing  with  NASA-DoD 
relationships  will  be  presented  along  with  some  of  the  background  organi¬ 
zational  behavior  of  leading  power  groups  that  attempted  to  influence  leg¬ 
islation.  Following  this,  the  formal  and  informal  organizational  arrange¬ 
ments  that  were  made  to  ensure  coordination  of  the  NASA  and  DoD  space  pro¬ 
grams  will  be  outlined.  Finally,  the  NASA-DoD  relationships  during  the 
early  years  of  the  national  space  program  will  be  discussed. 

EISENHOWER  SPACE  POLICIES 

During  the  early  1950s,  the  problem  of  distinguishing  between 
peaceful  and  military  uses  of  outer  space  was  not  nearly  as  complex  or 
important  as  it  became  later  in  the  decade,  with  the  mutual  and  simul¬ 
taneous  requirements  of  civilians  and  the  military  for  improving  commu¬ 
nications,  weather  predictions,  navigation,  and  the  mapping  and  scien¬ 
tific  study  of  the  surfaces  of  the  earth.  In  1951,  the  International 
Council  of  Scientific  Unions  (ICSU) ,  a  nongovernmental  organization, 
appointed  the  Comite  Special  de  l'Annee  Geophysique  International  to  take 
charge  of  the  worldwide  cooperative  effort  that  resulted  in  the  Inter¬ 
national  Geophysical  Year  (IGY) .  During  the  IGY,  individual  countries 
were  invited  to  cooperate  in  carrying  out  space-related  research  with 
international  dissemination  of  the  results.  In  February  1953,  the 
United  States  organized  the  National  Committee  for  the  International 
Geophysical  Year,  which  proposed  to  launch  a  peaceful  scientific  satel¬ 
lite  into  orbit  during  the  IGY. ^  In  approving  this  project  in  1955, 
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President  Eisenhower  first  articulated  what  was  to  become  the  basic 
policy  for  the  U.S.  space  program,  i.e,,  that  it  is  essential  to  main¬ 
tain  a  clear  separation  between  civilian  and  military  space-related 
activities. ^ 

All  three  military  services  proposed  satellite  programs  for  the 
IGY;  these  were  evaluated  by  the  DoD  committee  called  the  Committee  on 
Special  Capabilities,  chaired  by  Dr.  Homer  J.  Stewart.  The  Air  Force 
proposal  assumed  the  use  of  the  Atlas  missile,  the  Army's  assumed  use 
of  the  Redstone  rocket  with  clustered  Loki  solid  propellant  upper  stages, 
and  the  Navy's  assumed  use  of  the  Viking  research  rocket  with  the  Aero- 
bee  second  stage.  The  Navy's  proposal  was  accepted,  as  it  did  not  in¬ 
terfere  with  the  top  priority  ballistic  missile  programs  of  the  Army 
and  Air  Force.  Thus  began  the  Vanguard  satellite  project.  U.S.  mili¬ 
tary  achievements  in  the  development  of  the  ballistic  missile  just 

* 

before  the  Vanguard  decision  were  not  at  all  spectacular.  For  example, 
the  Atlas  had  two  unsuccessful  flights,  four  of  the  five  Thor  flights 
were  unsuccessful,  and  only  two  of  the  four  Jupiter  flights  had  been 
successful. ^ 

The  orbiting  of  Sputnik  I  on  October  4,  1957,  was  a  dramatic  tech¬ 
nical  achievement  that  brought  immediate  repercussions.  It  was  clear 
that  the  Soviets  had  made  no  distinction  between  "military"  and  "scien¬ 
tific"  projects.  The  four  tons  of  total  payload  of  Sputnik  I  (including 
184  lb  of  instruments)  contrasted  drastically  with  the  U.S.  plans  for 
the  Vanguard  satellite  with  a  total  weight  of  only  3  lb  in  orbit.  The 
Soviet  success  revealed  that  their  competence  in  rocket  technology  was 
much  greater  than  generally  believed.  It  also  tended  to  confirm  the 
Soviet  claim  of  August  1957  that  they  had  the  capability  to  build  an 
intercontinental  ballistic  missile,  and  thus  the  Soviets  were  a  much 
more  immediate  threat  to  U.S.  national  security  than  had  generally  been 


Before  the  Vanguard  decision,  U.S.  interest  in  ballistic  missiles 
as  a  means  of  delivering  thermonuclear  warheads  peaked  when  it  was  dem¬ 
onstrated  that  lightweight  warheads  could  be  developed.  Significant 
funds  began  to  flow  into  the  ballistic  missile  programs  in  1955.  All 
of  the  services  were  involved:  The  Air  Force  was  developing  the  Atlas 
and  Titan  ICBMs  and  the  Thor  IRBM;  the  Army,  the  Redstone  and  Jupiter 
IRBMs;  and  the  Navy,  the  Polaris  IRBM. 


.J 
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(8) 

thought.  '  The  launching  of  Sputnik  contributed  further  to  the  de¬ 
clining  credibility  of  the  massive  retaliation  defensive  posture  of  the 

U.S.  "New  Look"  strategy  of  1953.  It  was  evident  that  "massive  re- 

(9) 

taliation"  had  become  a  two-way  street. 

The  prestige  that  the  Soviets  gained  from  their  spectacular  Sputnik 
success  helped  magnify  their  worldwide  image.  The  fact  that  the  Soviet 
Union  was  first  in  space  tarnished  the  world  image  of  the  United  States 
as  a  technological  leader.  To  make  matters  worse,  before  any  signif¬ 
icant  U.S.  actions  were  made  public.  Sputnik  II  (weighing  over  11,000 
lb  with  1120  lb  of  scientific  instruments  and  carrying  a  dog)  was  or¬ 
bited  (November  5,  1957).^ 

For  the  U.S.  military,  and  especially  the  Air  Force,  the  success¬ 
ful  launches  of  Sputniks  I  and  II  introduced  considerable  uncertainty 
about  the  continued  viability  of  the  manned  jet  bomber  as  a  global 
nuclear  weapon  delivery  system.  This  concern  led  many  in  the  mili¬ 
tary  to  emphasize  and  champion  the  military  space  program  and  es¬ 
pecially  the  potential  of  manned  space  systems.  To  support  the  Air 
Force's  continued  role,  they  argued  in  terms  of  a  continuum  of  space 
that  included  everything  above  the  earth. 

The  United  States  achieved  its  first  space  success  by  drawing  di¬ 
rectly  upon  military  resources.  The  Army  Ballistic  Missile  Agency 
(ABMA) ,  using  a  Jupiter  C  booster,  placed  Explorer  I  into  orbit  on 
January  31,  1958,  84  days  after  the  Army  project  was  approved  in  the 
wake  of  Sputnik.  Subsequently,  the  Vanguard  project  was  successfully 

completed  within  its  original  time  schedule  and  made  significant  scien- 

* 

tific  and  technological  contributions;  and  the  Air  Force  launched 
Project  Score  on  December  18,  1958.  The  fact  that  all  these  projects 
were  carried  out  reflects  the  dramatic  impact  the  Soviets’  Sputnik  I 
had  on  the  U.S.  satellite  program.  Fault,  therefore,  cannot  be  attrib¬ 
uted  to  the  Vanguard  system  or  its  developers  but  to  the  decisions, 
priorities,  and  organizational  structures  that  represented  the  meager 
American  space  effort  before  Sputnik. 


After  two  successful  test  shots  out  of  four,  the  first  Vanguard 
satellite  was  orbited  on  March  17,  1958,  5-1/2  months  after  Sputnik  and 
1-1/2  months  after  Explorer  I.  Observation  of  the  orbit  of  Vanguard  I 
resulted  in  the  discovery  that  the  earth  was  somewhat  pear-shaped. 
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The  fundamental  effect  of  the  concern  generated  by  the 
Russian  success  was  recognition  within  the  U.S.  Govern¬ 
ment  that  the  entire  spectrum  of  space  technology  had 
to  be  given  the  same  high  priority  afforded  the  ballistic 
missile  program.  A  high  priority  space  program  in  turn 
called  for  strong,  new  government  organizations. 


Although  President  Eisenhower  allowed  the  military  to  assume  a 
larger  role  in  launching  the  first  U.S.  satellite  than  that  originally 
planned,  and  never  apparently  really  grasped  the  international  polit¬ 
ical  significance  of  the  Soviet  technological  successes,  he  stead¬ 
fastly  held  to  the  policy  that  the  U.S.  space  program  should  be  scien¬ 
tific,  peaceful,  and  under  civilian  control.  President  Eisenhower's 
view  was  that  space  provided  no  military  significance  and  that  it  was 
important  to  maintain  a  clear  separation.  Furthermore,  he  was  deter¬ 
mined  not  to  disturb  the  balance  between  military  expenditures  and  a 

healthy  nondefense  economy,  which  meant  that  the  space  program  would 

(9) 

not  be  fully  supported.  This  position  was  maintained  even  in  the 
face  of  the  negative  recommendations  of  the  Gaither  Committee  that 
were  published  before  the  launching  of  Sputnik.  The  Gaither  Committee 
had  been  appointed  by  Eisenhower  in  the  spring  of  1957  to  evaluate 
proposals  for  a  $40  billion  program  of  civil  defense  shelters.  The 
committee  broadened  its  charter  to  produce  an  overall  assessment  of 
the  state  of  national  defense.  The  committee  concluded  that  "...if 
the  United  States  did  not  change  its  policies,  it  was  in  danger  of  be¬ 
coming  a  second-class  power  a  conclusion  that  President  Eisenhower 

(12) 

chose  to  ignore  until  forced  to  consider  it  by  the  Sputnik  launches. 

* 

Although  attempts  by  Eisenhower  to  contain  the  political  losses 
because  of  Sputnik  were  strongly  motivated  by  his  personal  judgment  of 
its  limited  significance,  it  is  also  likely  that: 

Eisenhower's  position  resulted  from  careful  delibera- 
tion—Sputnik  1  was  convincing  evidence  of  the  Soviet 
breakthrough  in  long-range  missile  power.  If  Eisenhower 


For  example,  the  President  told  an  October  9,  1957,  press  con¬ 
ference  that  "The  Russians  have  only  put  one  small  ball  in  the  air." 
Repeatedly,  the  President  and  his  associates  asserted  that  the  United 
States  would  not  become  involved  in  a  "space  race"  with  the  Soviets. 


had  shown  great  alarm  or  acknowledged  a  serious  re¬ 
duction  of  American  prestige,  he  would  have  tended 
to  undermine  confidence  at  home  in  the  security  of 
the  country  and  belief  abroad  in  its  power,  and  this 
would  have  been  disconcerting  to  friends  and  allies. 

Moreover,  Eisenhower  would  have  made  himself  even 
more  vulnerable  to  charges  that  he  and  his  adminis¬ 
tration  were  at  fault  for  not  having  pressed  the 
development  of  missile  and  space  capabilities  sooner 
and  more  vigorously.^) 

Within  this  context,  the  Eisenhower  Administration,  Congress,  and 

the  DoD  began  to  organize  to  redress  the  U.S. -Soviet  space  imbalance.  A 

lengthy  recounting  of  the  specific  decisions  and  actions  is  outside  the 

(7  8  13) 

scope  of  this  study  but  are  recounted  elsewhere  in  great  detail.  ’  ’  ' 
In  the  next  subsection,  many  of  the  events  that  directly  affected  the 
formulation  of  the  National  Aeronautics  and  Space  Act  will  be  discussed. 
However,  in  considering  the  formulation  of  NASA,  it  should  be  recognized 
that  perhaps  the  most  important  and  lasting  impact  of  the  Eisenhower 
space  policy  was  his  insistence  on  separating  civilian  and  military 
space  efforts  and  on  giving  primary  emphasis  to  civilian  efforts.  This 
decision  later  came  under  repeated  and  intense  attacks  from  the  military 
services,  but  Eisenhower  was  able  to  prevail  in  his  view  that  the  Ameri¬ 
can  space  program  should  be  conducted  openly,  not  behind  the  cloud  of 
military  secrecy.  The  dissent  sprang  from  a  variety  of  expected  sources: 
Congress,  the  space-oriented  positions  of  the  Army  and  Air  Force,  defense 
and  aircraft  contractors  anxious  to  see  an  ambitious  space  program,  and 
space-oriented  professional  societies  and  organizations. 

THE  NATIONAL  AERONAUTICS  AND  SPACE  ACT 

In  response  to  the  obvious  lead  over  the  United  States  in  space 

capabilities  that  the  Soviet  Sputnik  launches  had  demonstrated,  active 

Congressional  investigations  into  the  U.S.  ballistic  missile  and  space 

* 

programs,  DoD  s  rapidly  expanding  space  program,  and  pressure  from  the 
* 

The  only  attempt  by  the  Eisenhower  Administration  to  provide  im¬ 
mediate  direction  to  the  U.S.  space  program  after  the  Sputnik  launches 
was  the  establishment  of  the  Defense  Advanced  Research  Projects  Agency 
(ARPA),  on  February  12,  1958,  for  the  purpose  of  providing  coordination 


civilian  scientific  community,  President  Eisenhower,  on  March  5,  1958, 
approved  a  memorandum  recommending  the  establishment  of  a  space  agency 
using  the  National  Advisory  Committee  for  Aeronautics  (NACA)  structure 
as  the  core.  The  memorandum  declared  that  "...an  aggressive  space 
program  will  produce  important  civilian  gains  in  general  scientific 
knowledge  and  the  protection  of  the  international  prestige  of  the 
U.S....,"  and  the  "...long-term  organization  for  federal  space  programs 
...  should  be  under  civilian  control."''  ’  The  memo  acknowledged  DoD’s 
competence  and  leadership  in  space  activities  but  recommended  against 
DoD  because  of  the  desire  for  civilian  emphasis  and  DoD's  deep  involve¬ 
ment  in  the  missile  programs.  The  memo  Indicated  that  relationships 
between  NASA  and  DoD  would  have  to  be  worked  out. 

Subsequently,  the  administration's  draft  legislation  establishing 
NASA  was  submitted  to  Congress  on  April  2,  1958.  This  bill  was  drafted 

by  the  Bureau  of  the  Budget  (BoB)  with  assistance  from  the  National 

,  * 

Advisory  Committee  for  Aeronautics  and  Dr.  Killian's  office.  The  DoD 
was  not  brought  into  the  picture  until  the  end  of  March  1958,  when  the 
draft  bill  was  sent  to  various  agencies  for  comment. ^  The  Eisenhpwer 
schedule  for  introducing  this  legislation  was  driven  by  his  interest 
in  getting  it  to  Congress  before  the  Easter  recess,  which  left  insuffi¬ 
cient  time  for  a  thorough  department  review. ^  The  administration 
described  this  draft  legislation  as  a  "...bill  to  provide  for  research 
into  problems  of  flight  within  and  outside  the  earth's  atmosphere  and 

and  leadership  not  only  for  the  U.S.  antimissile  missile  research  pro¬ 
grams,  but  also  for  space  projects  already  under  way  or  envisioned  in 
DoD.  ARPA's  mission,  as  prescribed  by  law,  was  to  cut  across  the  tradi¬ 
tional  levels  of  authority  of  the  military  services  and  to  fund  and 
manage  outerspace  projects.  At  the  time  ARPA  was  established,  it  was 
viewed  by  the  administration  as  an  emergency  and  temporary  agency  be¬ 
cause  of  the  anticipated  Congressional  resistance  of  setting  up  DoD  as 
an  operating  agency  for  space  programs. (6,11) 

* 

One  Eisenhower  Administration  reaction  to  Sputnik  I  was  to  grant 
American  scientists  increased  access  to  the  highest  echelon  of  national 
policymaking.  In  the  two  weeks  following  Sputnik,  npre  scientists  met 
with  the  President  than  in  the  previous  10  months. (14)  This  access  was 
institutionalized  by  Eisenhower's  announcement  in  his  November  7,  1957, 
speech  that  he  was  establishing  the  position  of  Special  Assistant  to  the 
President  for  Science  and  Technology  and  appointed  Dr.  James  R.  Killian, 
president  of  Massachusetts  Institute  of  Technology,  as  his  first  science 
advisor. 


It  would  conduct  research  in  these  fields 


for  other  purposes, 
through  its  own  facilities  or  by  contract,  and  would  also  perform  mili¬ 
tary  research  required  by  the  military  departments.  Interim  scientific 
space  projects  that  were  under  the  direction  of  ARPA  would  be  trans¬ 
ferred  to  the  new  civilian  space  agency.  A  National  Aeronautics  and 
Space  Board,  consisting  of  members  both  outside  the  government  and  from 
government  agencies,  was  to  assist  the  President  and  the  Director  of 
NASA. 

The  most  significant  differences  between  the  Space  Act  that  was 
passed  by  Tkmgress  and  signed  into  law  by  President  Eisenhower  on 
July  29,  1958,  and  the  administration's  draft  legislation  centered 
around  the  relationship  between  space  and  national  defense  and  the 
issue  of  NASA-DoD  coordination.  The  administration's  proposals  had  an 
overwhelming  civilian  emphasis,  whereas  Congressional  concern  following 
Sputnik  was  largely  in  the  area  of  military  security.  To  reconcile 

these  differences,  changes  in  the  Space  Act,  specifically  pertaining  to 
the  Statement  of  National  Policy  and  Coordination  Machinery,  were  made. 

Statement  of  National  Policy 

The  dominant  issue  throughout  the  Congressional  Committee  hearings 
and  deliberations  was  not  so  much  overall  policy  determination  as  it 
was  the  specific  problem  of  determining  the  civilian  and  military  juris¬ 
dictions.  The  initial  view  of  this  issue  as  one  of  "civilian  versus 
military  control"  soon  proved  to  be  a  gross  oversimplification  and  not 
a  meaningful  statement  of  the  problem.  Without  exception,  ultimate 
civilian  control  was  supported  by  both  military  and  civilian  activities. 
However,  concern  was  evident  that  the  concentration  on  civilian  space 
might  hamper  activities  concerned  with  national  defense;  Congress  was 
interested  in  avoiding  this  problem  because  the  need  for  military  pre¬ 
paredness  in  this  field  was  obviously  all  too  vital. 

There  was  considerable  feeling  that  a  sharp  legislative  line  should 
not  and  could  not  be  drawn.  This  view  came  largely  from  military  offi¬ 
cials  who  feared  undue  restrictions  on  space  activities  of  the  DoD. 

This  view  is  exemplified  by  Secretary  of  the  Army  Wilbur  Brucker: 


i 
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It  Is  possible  that  the  bill  under  consideration  could 
be  interpreted  so  as  to  restrict  unduly  the  activities 
of  the  Department  of  Defense  in  the  astronautics  and 
space  field.  It  is  frequently  difficult  to  determine 
as  we  embark  on  so  vast  and  unknown  an  enterprise  as 
space  exploration  just  what  facets  of  this  exploration 
will  have  application  to  weapons  systems  and  military 
operation.  I  do  not  believe  it  to  be  the  intent  of 
the  administration  or  of  the  Congress  to  prohibit  re¬ 
search  in  this  area  by  the  agencies  of  the  DoD. (15) 

The  legislative  line  should  not  be  drawn  too  sharply 
between  what  the  DoD  and  its  agencies  can  do  and  what 
they  cannot  do  in  the  field  of  space  development. 

That  is  a  matter  which  ought,  in  my  opinion,  to  be 
dealt  with  administratively  between  the  DoD  and  the 
NASA.  It  should  also  be  clearly  emphasized  that  the 
NASA,  like  the  Atomic  Energy  Commission,  is  a  part  of 
the  Executive  Branch.  It  is  imperative  that  the  char¬ 
acter  of  the  NACA,  an  executive  agent  of  which  the 
NASA  will  be  the  successor,  should  be  preserved.  If 
the  U.S.  Is  to  cope  with  the  fast-changing  conditions, 
and  kaleidoscopic  developments  in  the  field  of  space, 
full  discretion  in  the  planning  and  operations  of  such 
an  important  agency  should  be  left  to  the  President. (15) 


After  all  of  the  effort  in  attempting  to  clarify  this  jurisdictional 
problem,  the  Space  Act  declares  that  the  policy  of  the  United  States  is 
"...that  activities  in  space  should  be  devoted  to  peaceful  purposes 
for  the  benefit  of  all  mankind...,"  and  sets  forth  the  jurisdictions 
of  NASA  and  the  DoD  as  follows: 


The  Congress  declares  that  the  general  welfare  and 
security  of  the  United  States  require  that  adequate 
provision  be  made  for  aeronautical  and  space  activi¬ 
ties.  The  Congress  further  declares  that  such  activi¬ 
ties  shall  be  the  responsibility  of,  and  shall  be  di¬ 
rected  by,  a  civilian  agency  exercising  control  over 
aeronautical  and  space  activities  sponsored  by  the 
United  States,  except  that  activities  peculiar  to  or 
primarily  associated  with  the  development  of  weapon 
systems,  military  operations,  or  the  defense  of  the 
United  States  (including  the  research  and  development 
necessary  to  make  effective  provision  for  the  defense 
of  the  United  States)  shall  be  the  responsibility  of, 
and  shall  be  directed  by,  the  Department  of  Defense; 
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and  that  determination  as  to  which  agency  has  responsi¬ 
bility  for  and  direction  of  any  such  activity  shall  be  *qc\ 
made  by  the  President  in  conformity  with  section  201(e). 

Having  divided  major  space  responsibilities  between  NASA  and  the  De¬ 
partment  of  Defense,  the  Act  provides  for  the  most  effective  use  of 
U.S.  scientific  and  engineering  resources  and  close  cooperation  among 
federal  agencies  "...to  avoid  unnecessary  duplication  of  effort,  fa¬ 
cilities  and  equipment...."  U.S.  space  activities  are  to  be  conducted 
so  that  they  will  materially  contribute  to  the  objective  of  "...making 
available  to  agencies  directly  concerned  with  national  defense  of  dis¬ 
coveries  that  have  military  value  or  significance,  and  furnishing  by 
such  agencies,  to  the  civilian  agency  established  to  direct  and  control 
nonmilitary  aeronautical  and  space  activities  of  Information  as  to  dis¬ 
coveries  which  have  value  or  significance  to  that  agency...." 

Coordination  Machinery 

The  existence  of  a  "grey  area"  in  military  and  civilian  interests 
and  difficulty  in  demarcating  jurisdictions  made  all  the  more  necessary 
the  establishment  of  machinery  for  resolving  disputes.  It  has  been  noted 
that  the  administration  bill  not  only  failed  to  provide  for  overall 
policy  determination,  but  also  made  no  provision  for  either  solving 
jurisdictional  disputes  or  for  coordination  and  cooperation  between 
NASA  and  DoD. 

The  House  and  Senate  committees  dealt  with  the  problem  of  coordina¬ 
tion  machinery  in  different  ways;  the  Conference  Committee  reconciled 
these  differences  and  called  for  the  establishment  of  a  nine-member 
National  Aeronautics  and  Space  Council  (NASC).  The  function  of  the 
Council  was  to  advise  the  President  in  their  performance  of  the  follow¬ 
ing  duties:  surveying  aeronautical  and  space  activities,  developing  a 
comprehensive  program  of  such  activities  to  be  carried  out  by  the  U.S. 

^Section  201(e)  refers  to  the  functions  of  the  National  Aeronautics 
and  Space  Council,  National  Aeronautics  and  Space  Act  of  1958,  Public 
Law  85-568  (72  Stat.  426;  42  U.S.C.  2451).  The  only  significant  change 
made  in  the  draft  legislation  was  a  general  "tightening"  of  the  language 
concerning  the  space  role  of  DoD. 


government,  allocating  responsibility  for  major  aeronautical  and  space 
activities,  providing  for  effective  cooperation  between  NASA  and  DoD, 
and  resolving  differences  arising  among  departments  and  agencies  of  the 
United  States.  These  duties  represented  the  primary  means  for  carry¬ 
ing  out  the  mandate  to  devise  a  comprehensive  and  integrated  policy  in 
this  field.  (The  draft  legislation  provided  for  a  Space  Board  ad¬ 

vising  the  NASA  Director;  the  Space  Act  provided  for  a  Space  Council 
advising  the  President.  The  two  provisions  bear  almost  no  resemblance 
to  each  other. 

In  the  original  wording  of  this  provision.  Congress  intended  that 
the  appointment  of  the  executive  secretary  of  the  NASC  be  mandatory, 
but  because  of  White  House  pressure  "shall"  was  changed  to  "may." 
Throughout  the  Elsenhower  Administration  no  appointment  was  made  and 
the  Council  never  really  functioned  as  Congress  had  intended.  This 
was  consistent  with  the  administration  position  that  there  was  no  need 
for  a  coordinated  national  space  policy  because  the  civilian  and  mili¬ 
tary  functions  in  space  development  are  separate  responsibilities  re- 

(18) 

quiring  no  coordinating  body.  ' 

The  Congress  also  provided  machinery  for  direct  day-to-day  mili¬ 
tary-civilian  coordination  by  providing  that  a  Civilian-Military  Liai¬ 
son  Committee  (CMLC)  be  established  (Sec.  204).  A  chairman  appointed 
by  the  President,  together  with  at  least  one  representative  from  DoD 
and  each  of  the  three  services,  matched  by  an  equal  number  from  NASA, 
would  serve  as  a  means  by  which  NASA  and  DoD  could  "advise  and  consult 
with  each  other  on  all  matters  within  their  respective  jurisdictions 
relating  to  aeronautical  and  space  activities"  and  keep  each  other 
fully  and  currently  informed  with  respect  to  such  activities.  If  DoD 
or  NASA  could  not  come  to  an  agreement  on  some  matter,  either  agency 
head  was  explicitly  authorized  to  refer  the  matter  to  the  President 
for  a  final  decision.  (No  provision  for  such  a  liaison  committee  was 

included  in  the  draft  legislation  and  the  push  for  it  came  largely  from 

(8) 

the  House  of  Representatives.)' 

ORGANIZATIONAL  ARRANGEMENTS 

As  mentioned  previously,  the  Space  Act  required  the  formulation  of 
two  groups  to  facilitate  both  the  formulation  of  the  U.S.  national  space 
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program  and  the  coordination  of  DoD-NASA  programs.  These  were  the  NASC 
and  the  CMLC.  In  addition  to  these  two  organizations,  other  organiza¬ 
tions  influenced  the  formulation  of  the  DoD  and  NASA  space  programs  and 
hence  the  degree  of  cooperation  needed  between  the  two  agencies.  These 
included  the  Bureau  of  the  Budget  and  Congressional  committees. 

National  Aeronautics  and  Space  Council 

The  Space  Act  provided  for  the  formulation  of  the  Space  Council. 

It  was  to  consist  both  of  statutory  members  (the  President  as  Chairman, 
the  Secretary  of  State,  the  Secretary  of  Defense,  the  Administrator  of 
NASA,  and  the  Chairman  of  the  Atomic  Energy  Commission)  and  of  not  more 
than  four  others  appointed  by  the  President.  Its  formal  purpose  was  to 
advise  and  assist  the  President,  as  he  might  request.  President 
Eisenhower  chose  to  make  little  use  of  the  Space  Council.  He  convened 
it  only  eight  times;  and  he  did  not  create  a  staff  for  it,  allowing 
other  agencies  (NASA  and  the  Office  of  the  Special  Assistant  to  the 
President  for  Science  and  Technology)  to  provide  successive  acting  ex¬ 
ecutive  secretaries .  In  January  1960,  he  reconmended  to  Congress 

that  the  Space  Council  be  abolished.  Before  this  was  done,  the  Kennedy 
Administration  took  office  and  revived  the  Space  Council  and  appointed 
Vice  President  Johnson  as  its  Chairman.  The  Space  Council  continues  to 
exist  for  the  purpose  of  advising  the  President  concerning  the  U.S. 
space  program. 

Civilian-Military  Liaison  Committee 

The  Space  Act  also  provided  for  the  formation  of  the  CMLC,  con¬ 
sisting  of  representatives  of  NASA  and  DoD,  plus  a  Chairman  who  was  to 
be  an  independent  third  party.  Congress,  unfortunately,  did  not  grant 
the  Chairman  or  Committee  any  power;  the  Committee  was  bypassed  with 
impunity.  In  an  attempt  to  make  the  CMLC  work,  the  part-time  chairman¬ 
ship  was  changed  to  a  full-time  position  and  President  Eisenhower  rede¬ 
fined  its  function  to  allow  the  CMLC  to  initiate  actions  involving  NASA 
and  DoD  programs  rather  than  dealing  only  with  those  problems  brought 
by  either  NASA  or  DoD.  These  changes  did  not  cure  the  organizational 
problem  with  the  CMLC,  and  it  ceased  to  operate. 

Ji 
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Aeronautics  and  Astronautics  Coordination  Board 

As  it  turned  out,  rather  than  submitting  problems  to  the  CMLC,  in¬ 
formal  arrangements  between  a  number  of  different  organizational  levels 
within  both  NASA  and  DoD  were  used  for  day-to-day  coordination.  This 
informal  organization  was  formalized  by  an  administrative  agreement  in 
1960  between  NASA  and  DoD  establishing  the  Aeronautics  and  Astronautics 
Coordinating  Board  (AACB).  The  agreement  laid  down  the  principle  that 
liaison  should  be  maintained  "in  the  most  direct  manner  possible"  at 
the  various  bureaucratic  levels.  To  do  this,  officials  having  the  au¬ 
thority  and  responsibility  for  day-to-day  decisions  within  their  respec¬ 
tive  offices  are  assigned  to  the  AACB.  Initially,  the  Deputy  Adminis¬ 
trator  of  NASA  and  the  Director  of  Defense  Research  and  Engineering 
served  as  Co-Chairmen,  but  each  side  has  come  to  delegate  this  responsi¬ 
bility. 

The  Board  is  supported  by  six  panels  dealing  with  the  following 
specific  areas  of  the  space  program:  (1)  manned  spacecraft,  (2)  un¬ 
manned  spacecraft,  (3)  launch  vehicles,  (4)  spacecraft  ground  equipment, 
(5)  supporting  space  research  and  technology,  and  (6)  aeronautics. 

These  panels  and  the  Board  itself  serve  as  forums  for  the  exchange  of 
information  and  for  the  discussion  and  resolution  of  problems.  Much 
of  the  preparation  of  the  written  formal  agreements  between  NASA  and 
DoD  concerning  a  variety  of  subjects,  e.g.,  launch  vehicles,  were  the 
responsibility  of  the  AACB.  This  Board  has  been  effective  primarily 
because  it  is  in  the  self-interest  of  both  NASA  and  DoD  to  settle 
issues  between  themselves,  especially  if  issues  fall  totally  within 
their  jurisdictions.  If  they  fail  to  reach  a  settlement,  the  result 
could  be  worse  for  both,  because  of  the  uncertainty  about  the  view  of 
the  third  party  that  would  be  drawn  into  the  decision. 

Congressional  Committees 

The  initial  select  committees  established  by  the  Senate  and  the 
House  for  creating  legislation  for  the  Space  Act  have  been  replaced  by 
permanent  standing  committees.  In  the  Senate,  the  Committee  on  kevo- 
nautioal  and  Space  Sciences  was  formed  on  July  24,  1958.  All  proposed 
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legislation,  messages,  petitions,  memorials,  and  other  matters  related 
to  the  following  subjects  are  to  be  referred  to  this  Committee: 

1.  Aeronautics  and  space  activities,  as  that  term  is  defined 
in  the  National  Aeronautics  and  Space  Act  of  1958,  except 
those  peculiar  to,  or  primarily  associated  with,  the  de¬ 
velopment  of  weapons  systems  or  military  operation. 

2.  Matters  relating  generally  to  the  scientific  aspects  of 
such  aeronautical  and  space  activities,  except  those  pe¬ 
culiar  to,  or  primarily  associated  with,  the  development 
of  weapons  systems  or  military  operations. 

3.  National  Aeronautics  and  Space  Administration. 

In  addition,  the  Committee  was  given  jurisdiction  to  survey  and 

review  the  aeronautical  and  space  activities — including  activities 

peculiar  to,  or  primarily  associated  with,  the  development  of  weapons 

(19) 

systems  or  military  operations  — of  all  agencies  of  the  United 

States  and  to  prepare  studies  and  reports  of  such  activities. 

In  the  House,  the  Committee  on  Science  and  Astronautics  was  es¬ 
tablished  in  1958.  The  jurisdiction  of  this  Committee  was  delegated 
to  the  following  five  major  subcommittees: 

1.  Aeronautics  and  Space  Technology — deals  with  legislation 
and  other  matters  relating  to  the  Office  of  Aeronautics 
and  Space  Technology  and  the  Office  of  Tracking  and  Data 
Acquisition. 

2.  International  Cooperation  in  Science  and  Space — deals  with 
all  international  agreements  and  activities  of  NASA,  the 
National  Science  Foundation,  and  the  National  Bureau  of 
Standards,  including  other  international  matters  of  astro- 
nautical  research  and  development,  outer  space,  and  scientif¬ 
ic  research. 

3.  Manned  Space  Flight — deals  with  legislation  and  other  matters 
relating  to  the  Office  of  Manned  Space  Flight. 


4.  Science,  Research  and  Development — deals  with  legislation 

and  other  matters  relating  to  the  National  Science  Foundation, 
National  Bureau  of  Standards,  and  scientific  research  and 
development . 

5.  Space  Science  and  Applications — deals  with  legislation  and 
other  matters  relating  to  the  Office  of  Space  Science  and 
the  Office  of  Applications . 


In  addition  to  the  formation  of  these  two  standing  committees  to 
specifically  handle  legislation  for  the  space  program,  the  Armed  Ser¬ 
vices  Committee  holds  hearings  relating  to  military  aspects  of  the 
space  program.  Also,  the  Committee  on  Government  Operations  of  the 
House  has  taken  particular  interest  in  the  civilian-military  roles  and 
relationships  in  carrying  out  the  U.S.  space  program. 

Bureau  of  the  Budget 

Normally,  the  military  space  program  is  in  competition  with  all 
the  other  military  programs  for  funds.  This  competition  has  tended  to 
keep  the  military  space  program  realistic  relative  to  DoD's  other 
priority  requirements.  NASA,  however,  because  it  is  strictly  associ¬ 
ated  with  space,  generally  does  not  have  to  subject  its  program  to 
such  severe  competition  for  agency  funds.  The  BoB  regularly  judges 
the  recommendations  made  by  the  various  departments  and  agencies.  For 
NASA,  convincing  the  BoB  is  where  the  battle  begins  for  its  space  pro¬ 
gram  appropriations,  whereas  for  DoD,  the  competition  occurs  within  the 
department  as  well  as  at  the  BoB  because  of  the  DoD's  narrower  range 
of  ends  and  means.  As  a  consequence,  the  military  space  programs  are 
generally  well  defined  and  justified  to  survive  the  internal  DoD  re¬ 
view  process. 

NASA-DOD  RELATIONSHIP 

1958-1960 

As  noted  earlier,  the  Eisenhower  space  policy  was  very  conserva¬ 
tive.  It  did  not  recognize  the  importance  of  the  political  implications  { 

I 
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of  the  continuing  Soviet  accomplishments  in  space.  Because  of  the  mul¬ 
tiplicity  of  motivations  underlying  opposition  to  the  Eisenhower  space 
policy,  his  administration  was  able  to  withstand  all  challenges.  Sup¬ 
porters  of  an  aggressive,  coordinated  space  program  were  not  able  to 
agree  on  the  specific  features  of  such  a  program.  Rivalry  between  the 
Air  Force  and  the  Army,  within  DoD,  and  between  the  military  services 
and  NASA,  helped  to  fragment  the  opposition.  The  administration’s 
attempt  to  keep  the  space  budget  at  a  low  level  meant  that  the  govern¬ 
mental  space  agencies  were  not  able  to  win  significant  support  from 
the  industrial  constituency,  especially  in  comparison  with  the  in¬ 
dustrial  support  for  the  Air  Force  and  Navy  strategic  missile  programs. 

The  DoD  had  the  initiative  in  space  activities  during  the  early 
part  of  this  period,  primarily  because  90  percent  of  the  U.S.  space 
competency  was  based  on  military  systems.  While  NASA  was  busy  organiz¬ 
ing  itself  and  deciding  on  which  projects  to  pursue,  the  DoD  continued 
to  support  big  projects  with  funds  much  larger  than  those  available  to 
the  new  agency.  ASPA  and  Air  Force  work  was  in  part  related  to  missile 
activities,  such  as  that  involving  solid  rockets,  launch  facilities, 
and  test  ranges.  Other  work  combined  both  space  and  missile  activities, 
including  satellite  identification,  antisatellite  defense  and  the  mis¬ 
sile  early  warning  satellite  Midas.  Beyond  this,  the  list  of  1958 
military  space  projects  was  impressive:  orbital  gliders,  new  boosters, 
and  satellites  for  reconnaissance,  communications,  weather  forecasting, 
and  navigation.  In  addition,  manned  spaceflight  was  considered  to  be 
a  priority  project  for  the  DoD,  with  all  three  services  vying  for  ARPA 

„  (ID 

support. 

In  March  1958,  three  weeks  after  the  establishment  of  ARPA,  that 
agency  acknowledged  that  the  "Air  Force  had  a  long-term  development 
responsibility  for  manned  spaceflight  capability,  with  the  primary 

objective  of  accomplishing  satellite  flight  as  soon  as  technology  per- 

(21) 

mits.  In  the  manned  spaceflight  area,  the  Air  Force  plan  included 

not  only  earth-orbiting  satellites,  but  also  lunar  circumnavigation  and 
lunar- landing  missions.  Because  of  the  urgency  surrounding  the  Soviet 
Sputnik  II  launch,  the  manned  earth-orbiting  satellite  project,  "Man-in- 
Space- Soonest,"  had  top  priority.  In  addition  to  the  Air  Force  project, 


-22- 


there  were  two  other  manned  military  space  systems  seeking  ARPA  approval 

in  the  summer  of  1958.  The  Army's  proposal  was  put  forward  by  Wernher 

Von  Braun’s  team  at  the  Redstone  Arsenal.  It  had  a  faster  time  schedule 

than  the  Air  Force  "Soonest"  program  but  involved  only  a  suborbital 

flight.  The  Navy  also  proposed  a  manned  satellite  study  called  Manned 

(22) 

Earth  Reconnaissance  I. 

Following  the  establishment  of  NASA,  the  DoD,  ARPA,  and  NASA  agreed 
upon  divesting  the  DoD  of  many  of  the  above-mentioned  space-related 
projects,  facilities,  and  personnel.  By  Executive  Order,  issued  in 
December  1958,  NASA  acquired  the  Jet  Propulsion  Laboratory  and  the  Air 
Force  transferred  to  NASA  its  contract  and  funds  to  develop  a  1.5  mil- 

k 

lion  lb  thrust,  single-chamber  engine.  By  these  and  other  moves, 

NASA  quickly  gained  competence  in  electronics,  guidance,  tracking,  pro¬ 
pulsion,  and  systems  analysis.  Through  the  years,  NASA  and  DoD  reached 

agreement  on  numerous  cooperative  efforts  involving,  for  example, 

kk 

launch  sites,  tracking  stations,  and  launch  vehicle  development.  At 
this  level  the  cooperation  was  exemplary.  From  the  outset,  however, 
there  were  numerous  projects  in  a  gray  area  between  military  and 
civilian,  including  the  very  important  man-in-space  project.  NASA  and 
DoD  initially  attempted  one  solution  to  this  problem  by  making  the 
project  a  joint  one.  The  Bureau  of  the  Budget,  however,  frowned 
on  jointly  managed  projects;  consequently,  this  approach  was  dropped. 

By  August  1958,  the  Eisenhower  Administration  clearly  assigned  NASA 
specific  responsibility  for  the  manned  spaceflight  mission,  thereby 
cancelling  the  "Soonest"  project  and  leaving  the  Air  Force  with  Project 
Dyna-Soar  as  its  only  near-term  manned-spaceflight  opportunity. 

k 

NASA  actually  wanted  part  of  the  ABMA  (Wernher  Von  Braun's  team) 
transferred  to  give  the  agency  an  in-house  capability  for  large  rocket 
engine  and  booster  development.  This  transfer  was  delayed  until  July  1, 
1960,  by  DoD  objections  that  the  ABMA  group  was  needed  for  Army  missile 
development.  To  support  this  transfer,  NASA  and  DoD  endorsed  a  memoran¬ 
dum  for  President  Eisenhower  declaring  "...there  is,  at  present,  no 
clear  military  requirement  for  superboosters,  although  there  is  a  real 
possibility  that  the  future  will  bring  military  weapon  systems  require¬ 
ments.  . . ."(7) 

** 

A  list  of  88  joint  NASA-DoD  agreements  made  during  the  1958-1964 
time  period  are  presented  in  Appendix  D  of  Ref.  11. 
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Subsequently,  the  Director  of  ARP A,  Roy  Johnson,  implied  that  NASA 

would  concentrate  on  scientific  space  explorations  and  DoD  on  military 

applications.  Specifically,  he  said  that  the  NASA  manned-spaceflight 

program  (Mercury)  was  a  continuation  of  NASA  projects  like  the  X-series 

of  aircraft,  but  that  after  early  experiments,  the  military  would  do 

(21) 

the  follow-on  work  in  near-earth  space  systems:  That  is,  NASA 

would  develop  the  manned  system  and  DoD  would  operate  it.  This  was 

the  DoD's  new  stance  on  the  manned-spaceflight  issue. 

During  this  time  period,  there  were  two  NASA  policy  problems  that 

affected  the  NASA-DoD  relationship.  The  first  policy  stemmed  from  the 

general  guidelines  for  NASA's  program  as  authorized  by  the  Space  Act. 

Not  only  was  NASA  concerned  with  defining  its  own  role  in  the  nation’s 

space  program,  but  there  was  evidence  that  Congress  intended  that  NASA 

have  a  special  role  in  formulating  the  space  program  for  the  nation  as 

(8) 

a  whole.  In  a  prepared  statement.  Dr.  Keith  Glennan  said:v  ’ 

A  most  important  duty  placed  on  the  President  by  the 
Space  Act  is  to  develop  a  comprehensive  program  of 
aeronautical  and  space  activities  to  be  conducted  by 
agencies  of  the  United  States. 

Preparation  of  such  a  program  for  ultimate  approval 
by  the  President  has  been  delegated  by  him  to  NASA 
with  assistance  and  cooperation  of  the  Department 
of  Defense. 

Very  substantial  progress  has  been  made  in  developing 
national  space  programs. . .the  national  booster  pro¬ 
gram — the  national  tracking  and  communication  pro¬ 
gram — the  national  space  science  program. (23) 

Eleven  days  later,  Glennan  retracted  the  statement  that  the  Presi¬ 
dent  had  "delegated"  to  him  the  responsibility  for  preparing  the  na¬ 
tional  space  program.  Rather,  NASA  had  been  asked  "to  initiate  and 

bring  together,  with  the  assistance  of  DoD,  a  total  program  which 

(21) 

would  then  be  submitted  to  the  President."  7  No  such  integrated 
space  program  ever  emerged,  partly  because  of  the  Eisenhower  Administra¬ 
tion  view,  supported  by  DoD,  that  NASA  and  DoD  space  activities  should 
be  treated  separately,  and  not  as  a  comprehensive  national  space  program. 
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Another  NASA  policy  problem  that  affected  its  relationship  with 

DoD  centered  around  the  realization  that  the  Soviet  challenge  was  the 

most  important  factor  shaping  U.S.  space  policy.  From  NASA's  point  of 

view,  it  was  absolutely  essential  that  the  American  public  realize  that 

space  superiority  should  not  be  confused  with  military  superiority  and 

that  the  U.S.  space  program  should  not  be  construed  as  the  leading  edge 

in  the  cold  war.  NASA  felt  that  it  must  be  free  to  move  ahead  on  a 

vigorous  course  of  action  without  having  to  worry  about  its  every  move 

(8) 

being  thought  of  in  national  security  terms.  The  DoD  and  much  of 

Congress,  however,  continued  to  view  the  U.S.  space  program  in  national 

security  terms,  especially  when  the  Soviets  continued  to  accomplish 

* 

spectacular  space  feats  while  the  United  States  was  slowly  progressing 
with  a  variety  of  earth-orbiting  satellite  programs. 

During  this  period,  the  machinery  set  up  in  the  Space  Act  for  co¬ 
ordination  between  the  DoD  and  NASA  fell  into  disuse.  After  two  years, 
the  Space  Council  showed  little  sign  of  life.  No  full-time  staff  or 
Executive  Secretary  were  appointed  by  the  Eisenhower  Administration, 
despite  provisions  made  for  them  in  the  Space  Act.  As  mentioned  above, 
the  comprehensive,  integrated  space  program  for  the  United  States,  also 
called  for  by  the  Space  Act,  was  not  forthcoming.  The  operation  of  the 
Civilian-Militavy  Liaison  Cormittee  was  affected  by  delays  ir  appointing 
its  membership,  some  of  whom  were  not  directly  associated  with  the 
management  of  space  projects.  In  July  1959,  President  Eisenhower  re¬ 
vised  the  CMLC  charter  to  allow  it  to  take  the  initiative  in  dealing 
with  jurisdictional  differences  between  NASA  and  DoD  rather  than  waiting 


The  spectacular  Soviet  achievements  in  space  continued  after  the 
original  Sputnik  launches.  In  the  Lunik  program,  the  Soviets  first  hit 
the  moon  on  September  13,  1959,  and  then  photographed  the  lunar  far  side 
on  October  18,  1959.  In  August  1960,  the  Soviets  succeeded  in  recover¬ 
ing  a  5  ton  satellite  containing  two  dogs,  which  was  obviously  developed 
for  eventual  manned  flight.  (H) 

**After  Explorer  and  Vanguard,  the  United  States  program  consisted 
of  the  orbiting  of  the  Tiros  weather  satellite  on  April  1,  1959;  the 
navigational  satellite.  Transit  1-B,  on  April  13;  the  Midas  missile  de¬ 
tection  satellite  on  May  24;  the  passive  communication  satellite.  Echo 
I,  on  August  12;  and  the  communication  satellite,  Courier,  on  October  4. 
Tiros  and  Echo  were  NASA  projects;  Transit,  Midas,  and  Courier  were  DoD 
projects. (11) 
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to  be  asked  by  one  of  the  agencies.  But  this  alteration  did  not  cor¬ 
rect  the  situation.  The  Chairman,  Mr.  V.  M.  Holaday,  called  the  Com- 

(21) 

mittee  "nothing  more  than  a  post  office." 

On  January  4,  1960,  President  Eisenhower  asked  Congress  to  enact 

amendments  to  the  Space  Act  "to  clarify  management  responsibilities 

(8) 

and  to  streamline  organizational  arrangements...."  Basically,  the 
President  declared  that  the  Act  should  be  purged  of  the  concept  that 
a  comprehensive  program  for  both  civilian  and  military  space  interests 
needed  to  be  prepared.  Without  the  need  for  a  comprehensive  plan,  the 
Space  Council  was  not  needed  and  he  asked  that  it  be  abolished  along 
with  the  Civilian-Military  Liaison  Committee. 

In  subsequent  Congressional  Hearings,  Senator  Johnson  blocked  the 
disestablishment  of  the  Space  Council  in  the  Senate  and  it  became  known 
that  an  informal  arrangement  had  evolved  to  coordinate  DoD-NASA  inter¬ 
actions  that  bypassed  the  CMLC.  The  Space  Act  was  amended,  institu¬ 
tionalizing  this  informal  coordinating  structure  called  the  Aeronautics 
and  Astronautics  Coordinating  Board. 

In  contrast  with  the  CMLC,  the  substantive  power  of  the  AACB  and 
its  panels  was  based  on  the  inherent  power  of  the  individual  members. 
With  top-level  officials  serving  on  the  Board  and  panels,  the  number 
of  unresolved  problems  was  small;  normal  decisionmaking  channels  were 
to  be  used  for  resolving  disagreements. 

Perhaps  the  best  evidence  that  the  AACB  system  worked  was  that  the 
responsibility  for  accomplishing  interagency  planning  for  the  very  im¬ 
portant  national  launch  vehicle  program  was  entrusted  to  the  AACB  and 
this  arrangement  was  confirmed  by  the  new  NASA-DoD  leadership  that  came 

/  g\ 

into  being  with  the  Kennedy  Administration. 

The  AACB  was  to  be  responsible  for  facilitating  (1)  the  planning 
of  NASA  and  DoD  activities  so  as  "to  avoid  undesirable  duplication  and 
...achieve  efficient  utilization  of  available  resources";  (2)  "the  co¬ 
ordination  of  activities  in  areas  of  common  interest";  (.3)  the  "iden¬ 
tification  of  common  problems";  and  (4)  the  "exchange  of  information. 

The  AACB  was  to  be  supported  by  six  subboard  organizations  called  panels, 
each  dealing  with  a  different  aspect  of  the  space  program — manned  space- 
flight,  unmanned  spacecraft,  launch  vehicles,  spaceflight  ground  en¬ 
vironment,  supporting  research  and  technology,  and  aeronautics. 
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1961-1962 

At  the  start  of  1961,  the  situation  with  regard  to  the  future  of 

any  manned-spaceflight  program,  much  less  one  intended  to  land  man  on 

the  moon,  was  extremely  gloomy.  President  Eisenhower  and  his  advisors 

remained  unconvinced  that  the  country  needed,  or  should  invest  in,  an 

expensive  manned-flight  program  for  propaganda  or  military  purposes. 

This  conviction  led  them  in  late  1960  to  refuse  approval  of  NASA's 
* 

Project  Apollo. 

It  was  generally  assumed,  in  view  of  the  Kennedy- Johnson  campaign 
statements,  that  space  matters  would  receive  greater  emphasis  in  the 
new  administration.  There  was  no  assurance  that  NASA's  civilian-ori¬ 
ented  programs  would  be  expanded  or  even  maintained.  Many  Kennedy 
statements  stressed  the  military  and  national  security  aspects  of  space. 
The  military  services  argued  that  the  Soviets  were  concentrating  on  the 
development  of  a  "near-earth"  operational  capability  for  military  pur¬ 
poses,  something  which  NASA's  civilian-scientific  program  could  not 
counter. 

In  the  power  vacuum  following  the  November  election,  the  military 
services  not  only  asserted  their  point  of  view,  but  they  also  announced 
unilaterally  a  number  of  new  starts.  For  example,  on  December  6,  1960, 
the  Air  Force  announced  plans  for  orbiting  a  monkey  into  the  Van  Allen 
radiation  belts;  on  December  8  the  Air  Force  announced  plans  for  orbit¬ 
ing  a  communication  satellite;  the  Navy  also  announced  its  intention 

/O) 

to  start  a  new  space  satellite  project. 

Within  this  context.  President  Kennedy  appointed  an  Ad  Hoc  Com¬ 
mittee  on  Space  (headed  by  Jerome  Wiesner  of  MIT)  to  evaluate  the  na¬ 
tion's  space  program.  Both  NASA  and  DoD  were  found  to  be  inefficient 
in  the  administration  and  management  of  their  space  programs.  The  Com¬ 
mittee  recommended  the  reestablishment  of  the  National  Aeronautics  and 
Space  Council  for  improving  the  coordination  between  NASA  and  DoD. 
Another  consequence  of  this  review  was  the  reorganization  of  DoD  space 
activities,  making  the  Air  Force  responsible  for  all  of  DoD's  R&D  for 


At  this  time,  Project  Apollo  was  much  less  ambitious  than  the  one 
later  approved  by  President  Kennedy. 
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space  systems;  operational  systems  were  assigned  to  services  individu¬ 
ally.  While  this  reorganization  followed  the  Committee's  observation 
that  "...each  of  the  military  services  has  begun  to  create  its  own  in¬ 
dependent  space  program...,"  it  created  considerable  interservice  con- 

(24) 

cem  for  its  own  requirements  for  space  systems. 

In  accepting  the  Wiesner  Committee  recommendations  for  the  rein¬ 
statement  of  the  Space  Council,  President  Kennedy  indicated  that  he 
wanted  the  Council  to  advise  him  on  how  the  nation  could  overtake  the 
lead  of  the  Soviet  Union.  He  also  appointed  Vice  President  Johnson  as 
Chairman  of  the  Council. 

On  April  12,  1961,  Major  Yuri  Gagarin  of  the  Soviet  Union  became 

the  first  man  to  travel  in  space  when  he  successfully  orbited  the  earth 

in  his  Vostok  space  capsule  weighing  over  5  tons.  This  feat  focused 

immediate  attention  on  American  manned  space  efforts.  The  President 

had  already  committed  himself  to  gaining  space  superiority;  Project 

* 

Mercury  no  longer  would  suffice.  On  May  25,  1961,  President  Kennedy 
called  for  the  nation  "to  commit  itself  to  achieving  the  goal,  before 
the  decade  is  out,  of  landing  a  man  on  the  moon  and  returning  him 
safely  to  the  earth. 

The  significance  of  the  Gagarin  flight  and  President  Kennedy's 
selection  of  a  manned- lunar- landing  mission  as  the  means  of  challeng¬ 
ing  the  Soviets  in  space  exploits  is  that  it  conclusively  ended  DoD’s 
challenge  for  leadership  of  the  U.S.  space  program.  To  accomplish  the 
manned  lunar  landing  before  1970  meant  much  larger  budgets  for  both 
NASA  and  DoD,  increased  cooperation  between  DoD  and  NASA  on  a  wide 
variety  of  projects,  and,  for  the  short  range,  increasing  reliance  of 
NASA  on  DoD's  competency.  For  a  while  this  pattern  obscured  the  fact 
that  NASA  was  becoming  the  dominant  space  agency.  As  it  gained  a  posi¬ 
tion  of  dominance,  NASA  began  to  acquire  autonomous  capabilities; 


As  of  April  1961,  Project  Mercury  had  nearly  completed  the  unmanned 
flight  portion  of  its  schedule.  The  remaining  schedule  called  for  two 
manned  suborbital  flights  (accomplished  in  May  and  July  of  1961—18 
months  behind  the  original  schedule)  and  four  manned  orbital  flights 
(February,  May,  and  October  1962  and  May  1963).  The  total  program  was 
completed  nearly  three  years  behind  the  original  schedule,  with  the 
first  orbital  flight  14  months  after  the  Gagarin  flight. 
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it  also  began  to  exercise  its  increasing  bargaining  power  by  asking  for 
a  voice  in  military-managed  projects  needed  by  both  DoD  and  NASA.  NASA 
also  asserted  its  Identity  in  the  DoD  complex  by  establishing  inde¬ 
pendent  field  installations  at  both  the  Pacific  and  Atlantic  missile 
launch  sites. 

1963-1965 

During  this  period,  both  NASA  and  DoD  faced  the  problem  of  rapidly 
increasing  program  costs  and  the  resulting  program  reviews-,  cancella¬ 
tions,  and  realignment.  For  the  DoD,  their  last  remaining  connection 
with  the  manned  spaceflight  program,  Project  Dyna-Soar,  faced  ultimate 
cancellation  because  of  technical  problems,  increasing  cost,  and  com¬ 
petition  with  NASA  projects.  Nevertheless,  with  NASA  concentrating 
mainly  on  the  lunar-landing  mission,  the  Air  Force  surfaced  a  variety 
of  manned  space  projects  for  operation  in  low  earth  orbit.  These  in¬ 
cluded  the  Manned  Orbital  Development  System  (MODS)  and  Blue  Gemini. 
These  projects  were  returned  to  the  Air  Force  for  further  study. 

In  1963,  Defense  Secretary  McNamara  stated  the  following  criteria 
for  DoD  space  programs: 

First,  it  must  mesh  with  the  efforts  of  the  NASA  in 
all  vital  areas....  Second,  projects  supported  by 
DoD  must  promise,  insofar  as  possible,  to  enhance 
our  military  power  and  effectiveness .  0-1) 

As  a  consequence,  DoD  joined  forces  with  NASA  on  a  number  of  projects, 
one  of  which  contained  the  agreement  "that  the  DoD  and  NASA  will  in¬ 
itiate  major  new  programs  or  projects  in  the  field  of  manned  space- 
flight  aimed  chiefly  at  the  attainment  of  experimental  or  other  capa¬ 
bilities  in  near-earth  orbit  only  by  mutual  agreement. These 
agreements  effectively  blocked  all  DoD  manned  space  projects  until 
Secretary  McNamara  unilaterally  assigned  the  Air  Force  a  new  program 
for  the  development  of  a  near-earth  manned  orbiting  laboratory  (MOL) 
on  December  10,  1963,  at  the  same  time  that  he  cancelled  the  Dyna-Soar 
program.  In  justifying  his  decision  on  MOL,  Secretary  McNamara  said: 
"Their  [NASA]  program  is  related  to  the  lunar  program  ...  they  have 
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no  near-earth  orbit  manned  operations  planned  comparable  to  this."^^ 
It  was  further  recognized  that  the  MIL  was  a  necessary  first  step  in 
developing  military  operational  systems  in  near-earth  orbit. 

The  Department  of  Defense  had  found  that  joint  NASA-DoD  projects 
have  their  limitations.  There  is  generally  a  dispersion  of  authority 
and  responsibility.  If  an  agency  regards  its  share  of  this  work  as 
merely  a  service  for  another  agency,  or  if  full  agency  prestige  is  not 
on  the  line,  support  tends  to  diminish — "buckpassing"  develops.  These 
potential  weaknesses  are  not  limited  to  joint  projects  between  agencies 
but  also  apply  to  those  carried  on  within  agencies.  For  example,  the 
split  responsibility  between  defense-civil  agencies,  the  Air  Force,  the 
Army,  and  NASA  in  the  advent  military  communications  satellite  projects 
contributed  to  the  troubles  and  later  demise  of  that  project. 

Subsequently,  MOL  ran  head-on  into  competition  with  NASA  space 
station  plans.  In  1964,  separate  DoD  and  NASA  efforts  appeared  to  be 
subject  to  only  a  minimum  of  coordination.  Demands  for  coordination 
resulted  in  a  joint  DoD-NASA  agreement  that  study  information  would  be 
exchanged  at  the  conclusion  of  the  respective  space  station  studies. 

1965-Present 

After  1965,  DoD's  MOL  program  was  cancelled,  NASA  successfully 
completed  Project  Apollo  and  the  near-earth-orbit  Skylab  program  using 
Apollo  hardware,  and  NASA  began  to  develop  the  Space  Shuttle.  Concen¬ 
tration  has  been  on  International  cooperation  and  arms  agreements  ban¬ 
ning  the  basing  of  weapons  of  mass  destruction  in  outer  space.  The 
DoD  has  been  concentrating  its  space  activities  on  the  use  of  unmanned 
spacecraft  for  its  traditional  missions  of  surveillance,  communication, 
command  and  control,  and  early  warning. 


III.  STANDARD  SPACECRAFT  ACQUISITION  FOR  THE  AIR  FORCE:  STUDY  BACKGROUND 
AND  OBJECTIVES,  SPACECRAFT  DESCRIPTION.  MISSION  MODEL.  AND  COST  ESTIMATES 


As  discussed  in  Sec.  I,  changes  in  the  political,  economic,  and 
technological  environment  of  the  country  often  affect  the  policy  prob¬ 
lems  faced  by  the  organizational  machinery  set  up  to  ensure  continued 
NASA-DoD  cooperation.  In  Sec.  II,  the  evolution  of  that  organizational 
machinery  is  traced  through  the  mid-1960s,  at  which  time  its  institu¬ 
tionalization  was  assured.  Since  that  time,  a  number  of  important  de¬ 
velopments  have  taken  place  involving  the  ongoing  NASA-DoD  relation¬ 
ship,  including:  (1)  the  successful  completion  of  Project  Apollo  and 
the  concomitant  NASA  expansion;  (2)  the  demonstration  of  the  long-dura¬ 
tion  capability  of  the  manned  Sky lab;  (3)  the  increasing  sophistication 
of  unmanned  spacecraft  and  their  mission  successes;  and  (4)  the  recent 
national  commitment  to  the  space  shuttle  as  the  principal  launch  vehicle 
for  both  NASA  and  DoD  beginning  in  the  early  1980s.  One  of  the  objec¬ 
tives  of  this  dissertation  is  to  evaluate  a  current  case  study  involv¬ 
ing  NASA-DoD  cooperation  in  the  procurement  of  a  standard  spacecraft. 

That  evaluation  also  demonstrates  the  NASA-DoD  cooperation  process  as 
it  now  exists,  nineteen  years  after  NASA's  founding. 

The  advent  of  the  space  shuttle  as  the  only  operational  launch  ve¬ 
hicle  for  the  1980s  (and  thereafter)  has  provided  the  context  for  the 
case  study  selected  for  this  dissertation.  In  the  shuttle  era,  standard 
spacecraft  designed  to  support  a  wide  variety  of  payloads  are  expected 
to  receive  greater  attention  from  NASA  and  DoD  because  of  their  potential 
cost  savings  (mainly  recurring  costs)  over  the  use  of  specialized  space¬ 
craft  designs.  The  case  study  evaluated  in  this  dissertation  deals  with 
an  Air  Force  decision  about  the  possible  use  of  NASA  standard  spacecraft 
designs. 

The  Air  Force  decision  is  whether  to  design  and  develop  its  own 
standard  spacecraft  or  to  procure  NASA  designs  for  accomplishing  its 
Air  Force  Space  Test  Program  missions  during  the  initial  ten-year  opera¬ 
tional  period  of  the  space  shuttle.  In  this  section  and  the  one  that 
follows,  the  detailed  analysis  is  presented  to  support  the  evaluation  of 
the  relative  costs  of  several  procurement  options  for  accomplishing  the 


i 


-31- 


Air  Force  missions.  Here,  the  case  study  background  and  objectives  are 
presented)  along  with  a  description  of  the  four  unmanned  standard  space¬ 
craft  used  in  the  case  study  and  the  necessary  modifications  needed  for 
use  by  the  Air  Force  for  the  Space  Test  Program  missions.  The  Air  Force 
m iss'ion  model  is  also  presented  and  analyzed  with  respect  to  the  capa¬ 
bilities  of  the  four  standard  spacecraft.  Finally,  the  estimated  non¬ 
recurring  and  recurring  spacecraft  costs  are  presented,  as  well  as  the 
costs  for  the  various  launch  options  considered  in  the  analysis  dis¬ 
cussed  in  Sec.  IV. 

STUDY  BACKGROUND  AND  OBJECTIVES 

As  mentioned  above,  all  of  the  missions  to  be  examined  in  this  case 
study  involve  the  Air  Force  Space  Test  Program  and  are  to  be  flown  on 
the  space  shuttle.  To  provide  a  context  for  the  cost-benefit  analysis 
that  follows  in  Sec.  IV,  the  Air  Force  Space  Test  Program  is  briefly 
described  in  terms  of  its  origin,  mission,  organizational  links,  operat¬ 
ing  philosophy,  kinds  and  types  of  payloads  (experiments)  flown,  and 
rationale  for  the  standard  spacecraft.  Following  this,  the  case  study 
objectives  and  guidelines  are  presented.  Finally,  the  operation  of  the 
space  shuttle,  as  it  affects  this  case  study,  is  described. 

Air  Force  Space  Test  Program 

The  Space  Test  Program,  formerly  known  as  the  Space  Experiments 

Support  Program,  was  organized  in  July  1966  as  the  central  flight-support 

* 

project  for  all  DoD  experimental  payloads.  It  is  a  triservice  activity 
under  the  management  of  the  U.S.  Air  Force.  Organizationally,  it  is  as¬ 
sociated  with  the  USAF  Space  and  Missile  Systems  Organization's  Advanced 

Space  Programs.  As  currently  organized,  the  Space  Test  Program  pro- 

(27) 

vldes  the  following  services: 

Payload,  as  used  here,  could  consist  of  a  single  experiment  or  a 
number  of  related  experiments.  As  will  be  discussed  later  in  this  sec¬ 
tion,  the  Space  Test  Program  Office  mission  model  is  composed  of  a  num¬ 
ber  of  different  experimental  groupings  and  each  of  these  groupings — 
distinguished  by  being  on  a  single  page  of  Ref.  26 — is  referred  to  as 
one  payload. 
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1.  A  method  for  collecting,  reviewing,  and  assigning  priorities 
to  potential  payloads  (experiments). 

2.  A  system  for  defining  the  number  and  method  of  securing 
spaceflight  for  these  payloads. 

3.  An  agency  for  managing  and  funding  of  booster  and  spacecraft 
procurement,  payload  integration,  and  launch  and  orbital 
support. 

The  Space  Test  Program  Office  has  provided  these  services  for  over 
100  different  payloads  derived  from  the  three  military  services  and 
other  operating  agencies.  These  payloads  have  ranged  from  alpha-particle 
detectors  to  x-ray  monitors.  Some  have  weighed  less  than  a  pound,  while 
others  have  weighed  over  a  thousand  pounds. 

The  selection  process  for  payloads  to  be  included  in  the  Space  Test 
Program  originates  with  a  request  from  a  DoD  laboratory,  or  some  other 
agency,  for  a  spaceflight  of  a  specific  experiment.  The  Director  of 
Space,  USAF  Headquarters,  processes  these  requests  and,  with  the  concur¬ 
rence  of  the  Office  of  the  Director  of  Defense,  Research  and  Engineering 
(DDR&E) ,  and  interested  military  services,  determines  which  payloads- will 
be  included  in  the  Space  Test  Program.  The  Space  Test  Program  Office  de¬ 
fines  the  spaceflight  for  as  many  payloads  as  possible,  given  funding 
limits,  and  submits  the  program  to  the  Director  of  Space  and  DDR&E  for 
approval.  When  the  plan  is  approved,  the  Space  Test  Program  Office  con¬ 
tracts  for  the  necessary  spacecraft,  launch  vehicle,  and  payload  integra¬ 
tion. 

To  increase  the  proportion  of  the  funds  available  for  payload  devel¬ 
opment,  the  Space  Test  Program  Office  has  followed  a  low-cost  strategy 
consisting  of: 

1.  Using  "secondary"  space  on  spacecraft  and  launch  vehicles 
of  other  programs,  i.e.,  piggybacking. 

2.  Using  existing  space  vehicle  designs  whenever  possible. 

3.  Using  backup  spacecraft  designed  and  built  for  other 
programs. 

4.  Using  selective  redundancy  in  Space  Test  Program-procured 
spacecraft. 
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3.  Using  off-the-shelf,  space-qualified  hardware  whenever 
possible. 

6.  Staffing  a  project  with  a  small,  responsible  team  (about 
ten  individuals  per  major  project). 

The  type  and  number  of  payloads  flown  on  a  Space  Test  Program  mission 
vary  widely.  For  example,  one  upcoming  mission  consists  of  experimental 
payloads  from  the  Army,  Navy,  Air  Force,  and  ARP A.  The  mission  includes 
seven  payloads  having  a  total  weight  of  700  lb.  Three  of  the  payloads 
require  a  sun-pointing  orientation,  while  the  remainder  require  earth 
scanning.  The  spacecraft  therefore  must  be  three-axis  stabilized 
with  the  capability  of  scanning  the  earth.  Another  mission  includes 
twelve  small  payloads  to  investigate  the  same  phenomenon — spacecraft 
charging  at  altitude — having  a  total  weight  of  200  lb. 

As  will  be  discussed  later  in  this  section,  a  Space  Test  Program 
mission  model  consisting  of  descriptions  of  a  number  of  experiments  proposed 
by  various  agencies  and  departments  was  used  in  the  evaluation  of  the  stan¬ 
dard  spacecraft  acquisition  decision.  These  payloads  can  be  arrayed  in  a 
variety  of  dimensions,  as  discussed  later,  but  for  the  sake  of  providing 
some  understanding  of  the  nature  of  the  problem  that  these  payloads  present 
to  the  Space  Test  Program  Office,  the  following  ranges  of  requirements  are 
included  in  the  1980-1990  Space  Test  Program  mission  model:  ' 


Operating 

Parameters  Typical  Range  of  Requirements 


Weight 

Electric  power 
Data  rate 
Stabilization 
Orientation 
Pointing  accuracy 
Apogee  altitude 
Perigee  altitude 
Inclination 


1  to  525  lb 

0.001  to  100  W 

0.001  to  64  kbps 

Three-axis  or  spinning 

Sun-pointing  or  earth-pointing 

+0.5  to  +  15  deg 

100  to  20,000  n  ml 

100  to  20,000  n  mi 

Equatorial  to  polar 
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The  approach  used  by  the  Space  Test  Program  Office  in  the  past  to 
satisfy  the  heterogeneous  array  of  payload  requirements  on  the  space¬ 
craft  has  consisted  of  minimizing  the  interaction  of  one  experiment  with 
another.  However,  with  the  recent  availability  of  a  new  fault-tolerant, 
general-purpose  spacecraft  computer,  it  is  possible  to  consider  coupling 
two  or  more  payloads.  Information  may  be  extracted  from  individual  pay- 

loads  and  computationally  reduced  on  board,  thereby  lowering  the  bandwidth 

(27) 

of  information  transmitted  to  the  ground. 

The  Space  Test  Program  Office  became  interested  in  the  standard 
spacecraft  concept  because  of  the  possibility  of  combining  this  capa¬ 
bility  with  the  possibility  of  further  reducing  the  spacecraft  cost  by 
procuring  a  fairly  large  number  of  spacecraft  at  a  given  time.  This 
concept  was  especially  interesting  with  the  advent  of  the  space  shut¬ 
tle,  where  the  match  between  launch  vehicle  and  mission  is  not  as 

* 

critical  as  it  has  been  when  expendable  boosters  were  used  as  launchers. 

As  a  consequence,  the  Space  Test  Program  Office  sponsored  the  design  of 
a  modularized  standard  spacecraft  (STPSS)  that  has  the  capability  of 
meeting  all  of  its  payload  requirements,  while  also  conforming  to  their 
low-cost  design  philosophy. 

Objectives  and  Guidelines 

The  two  objectives  of  this  case  study  are  to  develop  internally 
consistent  cost  estimates  for  the  AEM,  L-AEM,  STPSS,  and  MMS  spacecraft 
and,  using  these  estimates,  to  determine  the  variation  in  program  cost 
for  a  variety  of  spacecraft  procurement  options  capable  of  performing 
the  Space  Test  Program  missions  during  1980-1990.  The  emphasis  is  on 
relative,  not  absolute,  accuracy  in  the  estimates  developed.  The  con¬ 
clusions  that  are  drawn  concerning  the  various  procurement  options, 
although  discussed  in  terms  of  total  program  costs,  are  dependent  upon 
the  relative  costs  of  the  various  spacecraft  (see  Sec.  IV).  They  are 
not  affected  if  the  magnitude  of  the  total  program  costs  is  underesti¬ 
mated  or  overestimated. 

The  study  guidelines  are  summarized  below: 

*Before  the  space  shuttle,  the  Space  Test  Program  had  the  option  of 
selecting  the  launch  vehicle  to  fit  the  particular  mission  requirements, 
e.g.,  in  1976,  both  the  Titan  III  and  Scout  launch  vehicles  were  used. 
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1.  Spacecraft  configurations  are  based  on  descriptions  provided 
by  Goddard  Space  Flight  Center  (GSFC)  for  the  MMS,  by  TRW 
for  the  STPSS,  and  by  Boeing  for  the  AEM  and  L-AEM. 

/0£\ 

2.  Space  Test  Program  payloads  described  in  Current  STF  ~'iyloads'' 
(the  so-called  "Bluebook")  are  considered  representative  of 
those  that  would  be  flown  during  the  period  1980-1990. 

3.  All  spacecraft  are  compatible  with  the  use  of  solid  rockets 
for  orbit  translation,  which  usually  requires  spin  stabiliza¬ 
tion.  The  AEM  and  STPSS  are  designed  with  that  in  mind. 

The  MMS  normally  uses  a  hydrazine  propulsion  module  or  the 
Interim  Upper  Stage  (IUS)  for  orbit  translation  in  a  three- 
axis-stabilized  attitude,  but  according  to  GSFC  it  can  also 
be  spin  stabilized  for  orbit  translation. 

4.  Space  Test  Program  missions  are  intended  to  be  flown  as 

secondary  payloads,  which  implies  that  Space  Test  Program 

* 

payloads  would  rely  on  solid  rocket  kick  stages  for 
translation  from  the  nominal  shuttle  parking  orbit  to  the 
desired  mission  orbit  rather  than  on  changing  the  shuttle 
orbit  altitude  and  inclination  to  meet  the  payload  require¬ 
ments  . 

5.  Nominally,  two  Space  Test  Program  flights  per  year  are  sched¬ 
uled;  the  minimum  is  one. 

6.  All  payloads  are  launched  using  the  space  shuttle. 

7.  Servicing  of  payloads  in  orbit  or  retrieval  of  spacecraft 
for  reuse  is  not  considered. 

Space  Shuttle  Operations 

As  just  mentioned,  this  study  is  restricted  to  consideration  of  the 
space  shuttle  for  the  primary  launch  vehicle.  As  currently  envisioned, 
the  space  shuttle  will  have  the  capability  of  placing  65,000  lb  of  pay- 
load  into  a  150  n  mi  earth  orbit  with  an  inclination  of  28.5  deg  when 
operating  out  of  the  Eastern  Test  Range  (ETR).  To  place  payloads  in 


Although  the  IUS  uses  solid  rockets,  its  use  by  the  Space  Test 
Program  is  considered  a  special  case  because  of  the  high  cost  of  that 
design. 
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either  higher  orbital  altitudes  or  inclinations  will  degrade  the  on-orbit 
space  shuttle  payload.  For  example,  to  increase  the  orbit  altitude  to 
300  n  mi  (with  an  inclination  of  28.5  deg),  the  payload  decreases  from 
65,000  lb  to  about  53,000  lb;  an  increase;  in  the  orbital  inclination  to 
56  deg  results  in  a  similar  payload  reduction.  For  a  polar  orbit  with 
an  altitude  of  150  n  mi,  the  space  shuttle  payload  is  about  39,000  lb. 

In  addition  to  the  payload  weight  constraints,  the  shuttle  payload 
bay  is  also  limited  in  size.  The  main  cargo  bay  is  15  ft  in  diameter 
and  60  ft  long.  As  will  be  discussed  later  in  this  section,  the  method 
of  allocating  the  cost  of  a  space  shuttle  launch  to  the  various  users 
has  not  yet  been  determined,  but  payload  length  and  weight  and  orbital 
altitude  and  inclination  are  being  considered  by  NASA  as  parameters  for 
determining  the  shuttle  tariff  schedule. 

Because  of  the  Space  Test  Program  Office's  interest  in  retaining 

* 

the  option  of  operating  as  a  secondary  payload  status,  nominal  shuttle 
parking  orbits  with  an  altitude  of  150  n  mi  and  an  inclination  of  28.5 
and  90  deg  are  used  for  this  study.  Nearly  all  of  the  Space  Test  Program 
missions  require  orbital  translations  from  the  shuttle  parking  orbit  to 
the  desired  mission  orbit.  To  accommodate  this  translation,  solid  .pro¬ 
pellant  rockets  sized  for  the  specific  velocity  requirements  and  mission 
payloads  are  used.  Generally,  two  rockets  are  required — one  for  apogee 
and  one  for  perigee.  In  this  study,  all  of  the  solid  rockets  are  drawn 
from  the  inventory  of  existing  solid  rocket  motors. 

In  special  cases  where  large  velocity  increments  are  required  and 
the  Space  Test  Program  payload  is  large,  the  IUS  is  used  as  the  transla¬ 
tion  stage.  This  stage  is  being  developed  by  the  Air  Force  to  support 
the  space  shuttle  operations.  It  consists  of  two  solid  rocket  stages 
and  an  instrument  module  capable  of  guiding  the  payload  into  orbit. 

The  translation  is  accomplished  in  a  three-axis-stabilized  mode  as  com¬ 
pared  to  a  spin-stabilized  mode  when  the  smaller  solid  rocket  motors  are 
used. 


Secondary  payload  status  refers  to  the  case  where  the  Space  Test 
Program  mission  does  not  determine  the  shuttle  altitude,  inclination, 
or  launch  schedule  and  flies  on  a  space-available  basis. 


ii 
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STANDARD  SPACECRAFT  DESCRIPTIONS 

Four  unmanned  standard  spacecraft  designs  are  involved  in  this  case 
study.  As  mentioned  in  Sec.  I,  during  the  first  phase  of  this  case 
study,  the  Space  Test  Program  Standard  Satellite — a  design  proposed  by 
the  Space  Test  Program  Office  of  the  Air  Force  Space  and  Missile  Systems 
Organization — and  two  NASA  candidates — the  Applications  Explorer  Mis¬ 
sion  spacecraft  and  the  Multimission  Modular  Spacecraft — were  considered. 
After  the  initial  study  phase  was  completed,  a  fourth  candidate  was 
introduced — a  larger  and  more  capable  AEM  (L-AEM)  configured  by  the 
Boeing  Company  under  NASA  sponsorship  to  meet  specifications  jointly 
agreed  upon  by  NASA  and  the  Air  Force.  In  the  material  that  follows, 
each  of  the  spacecraft  configurations  is  described,  then  a  comparison 
is  made  of  the  spacecraft  requirements,  followed  by  a  detailed  descrip¬ 
tion  of  the  modifications  needed  for  their  use  by  the  Air  Force  Space 
Test  Program  missions. 

The  purpose  of  a  standard  spacecraft  is  to  provide  all  of  the  house¬ 
keeping  functions  for  the  Space  Test  Program  payloads  during  the  life  of  the 
mission.  For  example,  once  in  orbit,  the  spacecraft  stabilizes  the  payload 
and  points  it  in  the  correct  direction,  it  provides  the  necessary  power  and 
power  conditioning  to  run  the  experiments  and  provide  thermal  protection  to 
the  payload,  and  it  provides  the  communication  and  data  handling  equipment 
necessary  to  control  the  experiments  and  transmit  the  data  back  to  earth. 

In  most  of  the  cases  examined  in  this  study,  the  spacecraft  also  provides 
the  guidance  and  control  necessary  to  translate  the  payload  from  the  shuttle 
parking  orbit  to  the  mission  orbit. 

The  STPSS  design  (Fig.  1)  consists  of  four  modules:  core,  orientation, 
propulsion,  and  payload  cluster.  The  core  module  is  common  to  all  missions, 
regardless  of  whether  the  spacecraft  is  spin-  or  three-axis  stabilized.  Two 
types  of  orientation  modules  provide  for  the  two  stabilization  modes.  The 
propulsion  module,  which  fits  into  the  circular  space  of  the  core  And  orien¬ 
tation  modules,  is  tailored  for  the  specific  mission  weight,  final  orbital 
parameters  (perigee  and  apogee  altitude  and  inclination),  and  the  shuttle 
parking  orbital  parameters.  The  STPSS  is  designed  in  a  hexagonal,  torus¬ 
shaped  configuration,  which  surrounds  the  solid  propellant  propulsion  modules. 
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spin  CONTROL 


Spinning  version 


Fig.  1 — STP  standard  spacecraft 
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The  payload  cluster,  while  unique  for  each  set  of  payloads,  has  a  common 
mechanical,  thermal,  and  electrical  interface  with  the  STPSS.  As  can  be 
seen  in  Fig.  1,  the  configuration  of  the  solar  cells  is  different  for  the 
three-axis-  and  spin-stabilized  versions  of  the  STPSS.  These  panels  are 
also  -modular,  thereby  allowing  the  electrical  power  generated  by  the  space¬ 
craft  to  be  tailored  to  the  payload  demand. 

The  three-axis-stabilized  version  of  the  STPSS  has  a  dry  weight  of 
about  1000  lb  without  payload  or  propulsion  system.  It  is  about  7.5  ft  in 
diameter,  and  about  32  in.  thick.  One  of  the  reasons  behind  this  "pancake" 
design  was  to  minimize  the  length  of  the  spacecraft  so  that  it  would  fit 
into  the  space  shuttle  without  occupying  primary  bay  space,  allowing  the 
Space  Test  Program  missions  the  option  of  flying  on  board  the  space 
shuttle  as  a  secondary  payload. 

The  MMS  design,  depicted  in  Fig.  2,  consists  of  a  centrally  located 
triangular-shaped  module  support  structure  having  attach  points  for: 

(1)  the  power  module,  (2)  the  attitude  control  and  stabilization  (ACS) 
module,  (3)  the  communications  and  data  handling  (C&DH)  module,  (4)  the 
mission  adapter-payload  module,  and  (5)  either  a  small  or  large  impulse 
propulsion  module.  In  this  design,  all  missions  are  flown  with  the  first 
four  modules;  the  propulsion  module  is  optional,  depending  on  the  mis¬ 
sion.  For  missions  requiring  large  orbital  transfers,  either  the  IUS  or 
other  appropriate  solid  motors  replace  the  propulsion  modules  shown  in 
Fig.  2.  As  will  be  discussed  later  in  this  section,  several  equipment 
options  are  available  within  each  of  the  three  main  modules  (power,  ACS, 
and  C&DH)  to  accommodate  mission-specific  requirements.  For  example, 
the  solar  array  design  shown  in  Fig.  2  is  generally  considered  to  be 
similar  to  that  of  the  stabilized  version  of  the  STPSS.  Again,  it  is 
modular  and  may  be  tailored  to  the  mission  power  requirement.  The  MMS 
is  designed  for  remote  on-orbit  replacement  and  servicing  and,  as  a  re¬ 
sult,  is  a  much  more  sophisticated  design  than  the  STPSS.  The  payload 
interface  (power,  thermal,  mechanical,  and  data  handling)  is  constant 
for  all  missions. 

The  MMS  weighs  about  1400  lb  without  the  solar  array  or  space  pro¬ 
pulsion  system.  The  overall  width  is  about  4.5  ft  and  its  length,  without 
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payload  or  propulsion.  Is  about  5  ft.  The  MMS  design  is  suitable  only 
for  operation  in  the  main  payload  bay  of  the  space  shuttle. 

The  third  standard  spacecraft  design  included  in  the  initial  phase 
of  the  study  was  the  AEM  (Fig.  3).  Boeing  is  currently  building  two 
versions  of  the  AEM:  the  HCMM  and  the  SAGE.  The  outward  physical  appear¬ 
ance  of  the  two  versions  is  very  similar  in  that  most  of  the  differences 
involve  components  housed  within  the  spacecraft.  The  AEM  is  three-axis 
stabilized  and  can  be  matched  with  appropriately  sized  solid  rocket  motors 
for  orbital  translation.  In  its  current  design,  it  is  limited  to  opera¬ 
tional  altitudes  less  than  1000  n  mi  because  it  relies  on  magnetic 
torques  rather  than  reaction  jets  to  unload  the  momentum  wheels  (Appendix 
D) .  It  is  a  low-cost  expendable  design  that  uses  off-the-shelf  components 
throughout.  The  physical  configuration  of  the  AEM  is  a  "hexagonal  nut" 

36  in.  across  the  flat  and  25  in.  long  (excluding  payload  and  propulsion). 

It  weighs  about  210  lb. 

The  fourth  standard  spacecraft,  the  L-AEM,  is  a  derivative  of  the  AEM 
that  haa  been  increased  in  diameter  to  a  nominal  5  ft  (Fig.  4).  The  L-AEM 
design  can  be  procured  in  three  different  configurations:  the  baseline 
option  (L-AEM-BL) ,  the  spin-stabilized  option  (L-AEM-S) ,  and  the  precision 
option  (L-AEM-P).  The  configuration  changes  are  achieved  by  modifying  the 
equipment  list.  The  L-AEM-BL  weighs  about  670  lb  without  propulsion  or  pay- 
load. 

SPACECRAFT  COMPARISONS 


Spacecraft  Requirements 

The  nominal  spacecraft  requirements  for  the  AEM,  L-AEM,  STPSS,  and  MMS, 
categorized  by  mission,  communication,  electrical  power,  stabilization  and 
control,  and  reaction  control  system  and  propulsion,  are  shown  in  Table  1. 

Of  the  four  spacecraft,  the  AEM  is  the  smallest  and  has  the  least  capability. 
It  is  about  3  ft  in  diameter,  can  carry  a  150  lb  payload,  and  is  limited 
to  operating  altitudes  less  than  1000  n  mi. 

All  three  configurations  of  the'  L-AEM  have  a  minimum  life  of  one 
year  and  a  payload  capability  of  1000  lb.  Both  the  L-AEM-S  and  L-AEM-P 
can  operate  from  low  earth  orbit  to  geosynchronous  altitude;  the  L— AEM— BL 
is  restricted  to  altitudes  less  than  1000  n  mi. 


3 — Applications  Explorer  spacecraft 
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^EM  Modified  Launch  Configuration 


L-AEM  configuration 
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The  STPSS  can  carry  a  nominal  payload  of  about  1000  lb,  can  be 
operated  at  altitudes  up  to  geosynchronous,  and  weighs  about  1000  lb. 

It  can  be  procured  in  three  different  configurations — a  spinning  version 
(STPSS-S),  a  low-cost,  three-axis-stabilized  version  (STPSS-LC) ,  and  a 
three-axis-stabilized  precision  version  (STPSS-P). 

The  MMS  is  the  most  sophisticated  of  the  standard  spacecraft  con¬ 
sidered  in  this  study;  it  is  designed  for  on-orbit  servicing  and  reuse. 

It  can  carry  a  payload  of  about  4000  lb  and  can  also  be  operated  up  to 
geosynchronous  altitude. 

AEM  and  MMS  spacecraft  have  communications  systems  that  are  compati¬ 
ble  with  the  Space  Tracking  and  Data  Acquisition  Network,  while  the  L-AEM 
and  STPSS  are  compatible  with  the  Space  Ground  Link  System.  This  dif¬ 
ference  in  the  communication  system  needs  to  be  corrected  before  the  AEM 
and  MMS  can  be  used  for  Air  Force  missions.  (The  modifications  necessary 
to  make  this  correction  are  discussed  later.)  Another  difference  is  in 
the  data  rate  capability  of  the  communication  systems.  Both  the  AEM  and 
MMS  have  data  rates  considerably  less  than  that  of  the  L-AEM  and  STPSS, 
i.e.,  8  and  64  kbps,*  respectively,  as  compared  with  128  to  256  kbps. 

All  of  the  spacecraft  use  28  V  electric  power  systems.  The  basic 
differences  are  in  the  solar  array  designs  and  battery  charging  systems. 
The  AEM  has  a  fixed  solar  array  capable  of  providing  about  40  to  50  W  for 
experimental  use.  The  other  designs  treat  the  solar  array  as  a  mission- 
specific  item.  The  peak  array  power  for  the  L-AEM  is  1000  W,  almost  as 
much  as  the  1200  W  of  the  STPSS  output;  the  MMS  power  system  can  handle 
arrays  having  a  peak  output  of  up  to  3600  W.  The  battery-charging  system 
of  the  MMS  is  different  from  those  of  the  L-AEM  and  STPSS.  All  three  pro¬ 
vide  for  more  than  one  battery,  but  an  individual  charging  system  is  used 
by  the  L-AEM  and  STPSS,  whereas  a  parallel  charging  system  is  used  for  the 
MMS. 

In  stabilization  and  control  capability,  the  MMS  is  again  superior  to 
the  other  spacecraft  with  a  pointing  accuracy  of  ±  0.01  deg  and  a  pointing 
stability  of  ±  10  ^  deg/sec.  The  L-AEM  design  provides  essentially  the 


The  communications  data  rate  is  given  in  kbps,  the  power  system 
capacity  in  volts  (V),  and  the  solar  array  output  in  watts  (W) . 
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same  variety  of  options  for  stability  and  control  of  the  spacecraft  as 
the  STPSS.  The  spin-stabilized  options  are  identical  in  capability, 
while  the  capability  of  the  precision  option  exceeds  that  of  the  STPSS-P 
but  is  less  than  that  of  the  MMS.  The  L-AEM-BL  option  is  more  accurate 
than  the  STPSS-LC  option  in  the  pitch  and  roll  axes  and  identical  in 
the  yaw  axis. 

Both  the  AEM  and  MMS  have  hydrazine  attitude  control  systems;  the 

STPSS  uses  a  cold  gas  system  in  combination  with  solid  rockets  for  orbit 

* 

translation.  The  MMS  hydrazine  propulsion  modules  (SPS-I  and  SPS-II) 
provide  a  choice  of  module  configurations  that  can  be  selected  depending 
upon  the  delta  velocity  required.  The  reaction  control  system  used  in 
the  L-AEM  is  a  derivative  of  the  hydrazine  system  of  the  SAGE  version 
of  the  AEM.  The  major  difference  is  that  the  L-AEM-P  configuration  has 
a  reaction  control  system  sized  to  provide  three-axis  stability  during 
the  solid-rocket-powered  orbital  translation  phase.  Consequently,  it 
Includes  nozzles  with  relatively  large  thrust  levels  (65  and  155  lb)  in 
addition  to  the  normal  thrusters.  There  seems  to  be  no  reason  why  the 
L-AEM-P  configuration  cannot  be  spin-stabilized  during  orbit  translation, 
therefore  it  has  been  assumed  to  have  this  capability,  especially  for 
the  geosynchronous  missions  where  larger-size  solid  motors  are  required 
than  those  discussed  in  Ref.  28.  In  Ref.  28  the  overall  length  of  the 
L-AEM,  payload,  and  solid  rocket  kick  stages  was  restricted  to  less  than 
the  diameter  of  the  shuttle.  This  allowed  placement  of  the  spacecraft 
perpendicular  to  the  shuttle  longitudinal  axis  and  hence  minimized  the 
length  of  the  shuttle  bay  used  for  the  flight.  The  application  of  the 
L-AEM  in  this  case  study  has  not  been  restricted  in  this  manner. 

The  individual  spacecraft  configurations  and  the  modifications 
considered  necessary  to  allow  their  use  by  the  Air  Force  in  carrying 
out  the  Space  Test  Program  missions  are  described  below. 

AEM 

As  mentioned  earlier,  there  are  two  basic  AEM  configurations — 

HCMM  and  SAGE—which  consist  of  the  same  base  module  with  different 
mission-specific  equipment.  The  HCMM  configuration  uses  a  hydrazine 

Space  Propulsion  System  (SPS).  j 

j 


orbit-adjust  module,  while  the  SAGE  configuration  includes  a  second 
moment  am  wheel  and  a  tape  recorder . 

F >r  Air  Force  use,  the  SAGE  configuration  was  selected  as  being 
most  appropriate.  The  only  modifications  that  were  considered  relate 
to  the  conversion  of  the  communication  system  to  make  it  SGLS-compatible. 
These  changes  are  itemized  below  and  discussed  in  detail  in  Appendix  C. 
Basically,  the  changes  involve  replacing  some  of  the  AEM  communication 
equipment  with  the  appropriate  STPSS  communication  equipment. 

o  Replace  S-band  transmitter  with  STPSS  S-band  (SGLS)  transmitter, 
o  Replace  S-band  transponder  with  STPSS  S-band  (SGLS)  transponder, 
o  Replace  command  demodulator  with  STPSS  dual  signal  conditioner, 
o  Modify  pulse  code  modulation  (PCM)  encoder  for  dual  baseband, 
o  Modify  command  decoder /processor . 

Although  the  power  system  of  the  AEM  is  very  limited  (^  50  W) , 
no  changes  were  made  in  this  system  for  Air  Force  use.  Also,  the  non- 
redundant  design  of  the  AEM  was  unaltered.  In  addition,  the  current 
AEM  design  does  not  allow  for  the  use  of  encryption  equipment — this 
was  not  changed  because  it  is  not  a  requirement  for  all  Air  Force 
missions  considered  in  this  study. 

STPSS 

Each  of  the  three  available  STPSS  configurations  (summarized  in 
Table  2)  consists  of  a  core  and  an  orientation  module  (or  a  spin-control 
module  in  the  STPSS-S  case).  In  addition,  a  variety  of  mission-specific 
equipment  is  available  for  each  configuration.  The  core  module  is  the 
same  in  all  cases.  The  orientation  or  spin  module  determines  the  atti¬ 
tude  stability  and  pointing  accuracy  of  the  spacecraft.  The  configura¬ 
tions  used  in  this  study  are  those  identified  by  TRW  in  their  study. ^ 
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No  changes  were  made  except,  by  direction  of  the  Air  Force,  the  hydrazine 
reaction  control  system  (RCS)  designed  by  TRW  for  the  STPSS  was  not  con¬ 
sidered  in  this  analysis  because  of  its  relatively  high  cost  compared 
with  the  cold  gas  reaction  control  system/solid  rocket  option. 


Table  2 

STPSS  CONFIGURATIONS 


STPSS-P 

STPSS-LC 

STPSS-S 

Core  Module 

Core  Module 

Core  Module 

+ 

+ 

+ 

Orientation  Module 

Orientation  Module 

Spin  Control  Module 

•  3-axis 

•  3-axis 

•  Spin 

•  Precision  (±0.1  deg) 

•  Low  cost  (±1  deg) 

•  Low  cost  (±1  deg) 

•  1  deg  freedom  solar 

drive 

•  Cold  gas  RCS 

•  1  deg  freedom 

solar  dr. 

•  Cold  gas  RCS 

•  Cold  gas  RCS 

+ 

+ 

+ 

Mission-Specific 

Mission-Specific 

Mission-Specific 

Equipment 

Equipment 

Equipment 

•  Solar  panels  (max. 

Same  choices  as 

Same  choices  as  for 

1200  W) 

•  Extra  10®  tape 

recorder 

•  Encryption  unit  (GFE) 

•  Orbit  transfer  module 

(solids  or  IUS) 

•  Antenna 

for  STPSS-P. 

STPSS-P,  except 
•  Solar  panels 

(max.  380  W) 
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MMS 

The  basic  MMS,  summarized  in  Table  3,  consists  of  three  primary 
modules,  plus  a  variety  of  mission-specific  equipment,  all  of  which 
are  attached  to  a  structural  subsystem.  For  Air  Force  use  (1)  the  at¬ 
titude  control  module  is  retained  without  modification,  (2)  one  20  Ah 
battery  is  added  to  the  power  module  so  that  it  would  have  the  same 


Table  3 

MMS  CONFIGURATIONS 


MMS 


Attitude  Control  Module 
+ 

Power  Module 

•  Two  20  Ah  batteries 

+ 

C&DH  Module 

•  TDRSS-  and  STDN-compatible 
+ 

Mission-Specific  Equipment 

•  Antenna 

•  Solar  panels  (as  required) 

•  Space  propulsion  (SPS-I, 

SPS-II,  IUS) 

•  Solar  drive 

•  Extra  tape  recorders 

(8  x  i()9  bits) 

•  Extra  batteries  (one  20  Ah 

or  three  50  Ah) 


MMS-AF 


Attitude  Control  Module 
+ 

Power  Module 

•  Three  20  Ah  batteries 
+ 

C&DH  Module 

•  SGLS-compatible  ^ 

•  [Data  rate  128-256  kbps]a 

+ 

Mission-Specific  Equipment 
Same  as  above,  except 

•  Solid  rockets  for  orbit 

translation 


g 

Additional  option. 


energy  storage  capacity  as  the  STPSS,  and  (3)  the  communications  system 
is  changed  to  be  compatible  with  SGLS. 

Listed  below  are  the  detail  modifications  to  the  MMS  communica¬ 
tion  module  needed  to  achieve  this  compatibility.  Again,  these  mod¬ 
ifications  consist  mainly  of  replacing  MMS  communication  equipment  with 
STPSS  equipment  that  performs  a  similar  function.  The  necessary 
changes  to  Increase  the  data  rate  to  128-256  kbps  have  not  been 
considered  as  requirements. 

SGLS  Compatibility 

•  Replace  S-band  transponder  with  STPSS  S-band  SGLS 
transmitter  and  receiver. 

•  Replace  or  modify  command  decoder  with  STPSS  decoder. 

•  Replace  premod  processor  with  STPSS  dual  baseband  unit. 

Increase  Data  Rate 

•  Replace  data  bus  controller  \  .  .  _ _  . 

I  with  STPSS  bus 

•  Replace  clock  and  format  generator  >  controller  (data 

•  Replace  standard  computer  interface)  formatter). 

•  Replace  remote  interface  unit  with  STPSS  data  inter¬ 
face  unit. 

Although  the  parallel  battery-charging  design  used  in  the  MMS 
power  module  has  been  of  some  concern  to  the  Air  Force,  it  was  not 
considered  necessary  to  change  it  (see  Appendix  B),  since  the  power 
regulation  unit  will  have  adequate  redundancy  to  meet  Air  Force  re¬ 
quirements,  and  the  MMS  power  system  will  be  a  flight-proven  design 
before  the  missions  considered  in  this  study  are  undertaken. 


SPACE  TEST  PROGRAM  MISSION  MODEL 

In  accordance  with  the  directions  provided  by  the  Work  Statement 
for  this  study.  Space  Test  Program  missions v  ;  to  be  flown  during  the 

! k 

It  should  be  noted  that  if  the  Air  Force  Solar  Infrared  Experi¬ 
ment  (SIRE)  is  flown  on  the  MMS,  these  changes  in  the  communication 
module  will  have  already  been  made  before  any  of  the  missions  considered 
in  this  study.  As  noted  later  in  this  section,  the  MMS  cost  estimates 
are  based  on  this  assumption,  hence  the  nonrecurring  cost  associated 
with  these  changes  is  not  included  in  the  study. 


1 
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1980-1990  time  period  are  divided  into  three  payload  groups  (Table  4). 
The  principal  distinguishing  feature  of  each  group  is  the  spacecraft 
requirements.  For  example,  payloads  in  groups  I  and  III  all  require 
a  spacecraft  with  nominal  capability  and  either  three-axis  or  spin 
stabilization.  We  have  taken  this  to  mean  that  these  missions  could 
be  flown  on  the  AEM,  STPSS-S,  STPSS-LC,  L-AEM-S,  or  L-AEM-BL  space¬ 
craft.  Those  payloads  in  group  II  require  a  spacecraft  with  a  high 
capability  and  three-axis  stability.  This  requirement  can  only  be  met 
by  the  STPSS-P,  L-AEM-P,  or  MMS.* 

Of  the  estimated  twenty  flights  to  be  flown  between  1980  and  1990, 
the  Work  Statement  indicated  that  about  75  percent  (15  flights)  would 
be  in  payload  group  I,  10  percent  (2  flights)  in  payload  group  III, 
and  15  percent  (3  flights)  in  payload  group  II.  Using  the  estimated 
division  between  large  (over  150  lb)  and  small  payloads  given  in  the 
Work  Statement  for  each  of  the  payload  groups,  we  can  presume  a  total 
of  114  payloads  for  the  nominal  case  or  about  6  payloads  per  spacecraft. 

As  mentioned  previously.  Ref.  26  provided  a  listing  of  only  52 
Space  Test  Program  payloads  that  were  to  be  considered  as  representa¬ 
tive  of  those  that  would  be  flown  between  1980  and  1990.  These  payloads 
were  analyzed  in  terms  of  their  spacecraft  requirements  for  accuracy, 
stabilization,  and  weight.  The  results  of  that  analysis  are  shown  on 
the  right-hand  side  of  Table  4  to  allow  direct  comparison  with  the 
guidance  given  in  the  Work  Statement  for  this  study. 

We  found  that  the  overall  division  of  payloads  between  group  II 
and  groups  I  and  III  was  a  little  different  from  that  suggested  by 
the  Work  Statement,  i.e.,  only  11  percent,  rather  than  15  percent,  of 
the  payloads  fell  into  payload  group  II.  We  also  found  that  the  per¬ 
centage  of  small  payloads  in  groups  I  and  III  was  larger,  i.e.,  90 
percent,  rather  than  85  percent.  Appropriate  adjustments  for  these 
relatively  minor  mismatches  caused  an  increase  in  the  total  number  of 
Space  Test  Program  payloads  from  114  to  151,  which  is  equivalent  to 


For  this  reason,  group  II  is  distinguished  from  groups  I  and 
III  in  the  discussion  that  follows. 
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about  7.5  payloads  per  spacecraft.  In  addition  to  this,  the  prelimi¬ 
nary  status  of  the  mission  model  suggested  that  the  number  of  payloads 
in  the  program  and  the  number  of  payloads  per  spacecraft  should  he 
included  in  the  sensitivity  analysis. 

As  indicated  on  Table  5,  the  Space  Test  Program  missions v 
are  divided  into  eight  different  orbits  that  distinguish  between 
orbit  altitude,  inclination,  and  spacecraft  orientation.  The  first 
orbit  (1-S  and  1-E)  is  a  low  earth  orbit  with  an  altitude  of  about 
250-300  n  mi.  The  missions  of  this  orbit  are  divided  into  those 
that  are  sun-oriented  and  those  that  are  earth-oriented.  As  you  may 
see,  45  percent  of  the  Space  Test  Program  payloads  would  fly  in  this 
orbit.  The  second  orbit  is  a  highly  elliptical  one  (7000  x  200  n  mi) 
having  an  additional  28  percent  of  the  Space  Test  Program  payloads. 


Table  5 

SPACE  TEST  PROGRAM  MISSION  CATEGORIES 


Number 

Type 

Orbit 
(n  mi) 

Inclination 

(deg) 

Launch 

Range 

Percentage 
of  Payloads 

No.  of 
Payloads 

l-S 

Sun-synchronous , 
aun-orlented 

250-300 

circular 

98.4 

Western 

17 

20 

1-E 

Sun-synchronous , 
earth-oriented 

250-300 

circular 

98.4 

Western 

28 

32 

2 

Elliptical 

7000  x  200 

Polar 

Western 

28 

32 

3 

Geosynchronous , 
sun-oriented 

19,372 

circular 

Low 

(28.5) 

Eastern 

8 

9 

4 

— 

10,000 

circular 

Low 

(28.5) 

Eastern 

4 

5 

5 

12  hr 

21,000  *  900 

63.4 

Eastern 

7 

7 

6 

Geosynchronous , 
earth-oriented 

19,372 

circular 

Low 

Eastern 

2 

3 

7 

— 

3200  x  150 

30 

Eastern 

2 

3 

8 

— 

180  circular 

Polar 

Western 

2 

3 
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The  missions  in  both  of  these  orbits  are  launched  from  the  Western 
Test  Range  (WTR) .  The  missions  flown  on  the  WTR  (orbits  1,  2,  and  8) 
represent  about  75  percent  of  the  Space  Test  Program  payloads.  The 
payloads  flown  out  of  the  Eastern  Test  Range  (ETR)  all  require  large 
orbit  translations;  e.g.,  up  to  geosynchronous.  The  last  column  in 
Table  5  Indicates  the  number  of  Space  Test  Program  payloads  in  the 
nominal  case  that  are  flown  in  each  of  the  orbits  during  the  1980-1990 
time  period.  The  total  number  of  Space  Test  Program  payloads  in  the 
nominal  case  is  114. 

In  Fig.  5  these  orbits  are  related  to  the  perigee  and  apogee  alti¬ 
tude  ranges  of  individual  payloads.  The  payloads  are  identified  by 

/  26  \ 

page  number  in  the  bluebook'  at  the  top  of  the  figure.  Each  payload 

generally  has  a  wide  range  of  acceptable  operating  altitudes,  which 

has  made  it  reasonably  easy  to  collapse  the  Space  Test  Program  payloads 
* 

into  eight  orbits. 

In  addition  to  ordering  the  Space  Test  Program  payloads  according 
to  orbit  parameters,  they  were  also  matched  with  each  of  the  spacecraft 
being  considered  in  this  study.  In  making  these  assignments,  the  fol¬ 
lowing  were  considered:  payload  weight,  maximum  altitude,  orientation, 
power  availability,  data  rate,  pointing  accuracy,  and  stability.  The 
resulting  match  between  individual  Space  Test  Program  payloads  and  the 
various  spacecraft  is  illustrated  in  Table  6.  Space  Test  Program  pay- 
loads  are  identified  by  bluebook  page  number.  Of  the  52  payloads  in 
the  bluebook,  6  were  not  included  in  the  mission  model  for  various  rea¬ 
sons  (see  footnotes  to  Table  6).  Of  the  remaining  46  payloads,  the  AEM 
with  its  150  lb  payload  capability  and  1000  n  mi  altitude  limitation 
can  accommodate  only  10  (22  percent).  The  spinning  versions  of  the 
L-AEM  (L-AEM-S)  and  STPSS  (STPSS-S)  can  both  handle  26  percent  of  the 
total  payloads.  The  baseline  version  of  the  L-AEM  is  limited  to  orbital 
altitudes  of  less  than  1000  n  mi  and  to  earth-oriented  missions  and 
therefore  can  accommodate  only  28  percent  of  the  payloads.  The  low-cost 

*It  is  recognized  that  when  these  payloads  are  actually  flown,  a 
larger  number  of  orbits  may  be  used  depending  upon  the  capabilities  of 
the  spacecraft  and  payload  requirements;  this  should  not  affect  the 
results  of  this  study. 


STP  PAYLOADS 


Space  Test  Program  orbit  options 


Table  6 

SPACECRAFT  MISSION  CAPABILITY 


!  Spacecraft 

Space  Test  Program  ASM 
Payloads  (Blue book  (150  lb. 


Payloads  4  and  5  eliminated — excessive  altitude  (69,000  n  ml)  and  already  flown, 

^Payload  9  el Inina ted — excessive  altitude  (69,000  n  ml), 
c 

Asswes  that  only  a  portion  of  the  payload  Is  spun. 

^Payload  42  eliminated — Inconsistent  data. 

*Payload  45  eliminated— SIRE  mission  exceeded  TRW  STPSS  design  power  level. 
*Payloed  47  eliminated— insufficient  date. 
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STPSS  (STPSS-LC)  spacecraft  can  handle  89  percent  of  the  payloads, 
whereas  all  three  precision  configurations  (L-AEM-P,  STPSS-P,  and  MMS) 
can  handle  all  of  the  payloads. 

Consistent  with  the  Work  Statement  guidelines,  we  have  assumed 
that  those  payloads  that  require  spinning  can  be  accomplished  on  a 
three-axis-stabilized  spacecraft  by  allowing  portions  of  the  payload 
to  spin.  It  is  also  assumed  that  the  total  payload  integration  costs 
for  the  mission  model  will  not  vary  substantially  as  a  function  of  the 
procurement  option.  A  further  assumption  that  was  made  is  that  those 
payloads  having  accuracy  requirements  in  excess  of  the  capability  of 
the  L-AEM-P,  STPSS-P,  and  MMS  really  have  attitude  determination  re¬ 
quirements  rather  than  pointing  accuracy  requirements. 

In  the  analysis  of  program  costs  that  follows  (Sec.  IV),  only 
those  spacecraft  and  combinations  of  spacecraft  that  can  accommodate 
the  entire  Space  Test  Program  mission  model  were  considered.  The 

various  procurement  options  will  be  evaluated  on  a  constant  performance 
* 

basis.  To  expand  the  mission  model  up  to  114  payloads  of  the  nominal 
case,  a  linear  extrapolation  of  the  characteristics  of  the  46  payload 
model  given  in  the  bluebook  has  been  used. 

SPACECRAFT  AND  LAUNCH  COSTS 


Spacecraft 

Estimating  the  costs  of  the  AEM,  L-AEM,  STPSS,  and  MMS  presented 
an  interesting  problem  because  each  was  at  a  different  stage  of  develop¬ 
ment.  The  AEM  was  well  along  in  the  development  process,  and  the  con¬ 
tractor,  Boeing,  was  confident  that  the  celling  price  would  not  be 
exceeded.  Should  the  L-AEM  be  developed,  Boeing  would  have  AEM  experi¬ 
ence  to  build  on.  The  three  STPSS  configurations  were  the  result  of  a 
short  study  by  TRW,  and  they  lacked  the  specificity  of  the  AEM  and  MMS. 
Since  preliminary  designs  generally  change,  and  changes  generally 


It  is  clear  that  some  procurement  options,  such  as  the  pure  MMS 
option,  will  have  excess  capability.  However,  no  attempt  has  been  made 
to  determine  the  value  of  this  excess  capacity  for  the  Space  Test  Pro¬ 
gram. 


. j 
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increase  cost,  one  needs  to  question  whether  an  estimate  of  current  STPSS 
designs  would  be  representative  of  final  cost.  The  MMS  was  somewhere 
between  the  AEM  and  STPSS;  some  hardware  had  been  developed,  design  was 
complete,  and  NASA  had  gone  out  to  industry  for  bids.  Thus  the  situa¬ 
tion  was  one  in  which  some  costs  were  known,  some  were  partly  known, 
and  others  were  unknown.  It  was  necessary  to  develop  estimates  that 
would  reflect  relative  differences  in  the  size,  complexity,  and  capabil¬ 
ity  of  the  spacecraft  as  currently  specified. 

Recurring  Costs.  An  examination  of  existing  parametric  cost¬ 
estimating  models  showed  that  they  had  been  developed  from  data  on 
conventional  spacecraft,  i.e.,  spacecraft  for  which  low  cost  was  not 
a  dominant  consideration.  Thus  a  procedure  was  required  that  would 
provide  comparable  estimates  of  the  various  spacecraft  but  estimates 
in  keeping  with  current  experience.  The  method  adopted  was  to  develop 
a  model  calibrated  to  reflect  AEM  experience,  in  essence  saying  that 
AEM  costs  are  known  and  those  of  the  other  spacecraft  can  be  extrap¬ 
olated  from  that  base  using  conventional  scaling  techniques.  Estimates 
of  Unit  1  cost  for  each  spacecraft  are  shown  in  Table  7.  These  estimates 
include  allowances  for  modifications  of  the  AEM  and  MMS  to  meet  Air 
Force  requirements. 

By  using  the  same  model  for  all  estimates  it  can  be  argued  that 
they  should  be  comparable.  The  point  has  been  made,  however,  that  such 
a  procedure  ignores  an  important  element  of  spacecraft  cost.  The  AEM 
and  L-AEM  are  not  comparable  to  the  STPSS  and  MMS,  because  they  consist 
of  a  single  module  produced  by  a  single  contractor.  With  two,  three, 
or  even  four  contractors  involved  in  production,  integration,  and  test 
of  the  different  modules,  additional  costs  could  be  incurred.  Whether 
that  would  produce  a  significant  cost  difference  is  a  matter  of  some 
disagreement,  but  the  assumption  made  here  is  that  it  would  not.  While 
that  assumption  may  favor  the  STPSS  somewhat  and  the  MMS  even  more,  if 
it  had  any  effect  at  all  it  would  be  to  strengthen  the  conclusions  of 
the  study. 

As  a  check  on  the  spacecraft  estimates,  they  were  plotted  against 
weight  (Fig.  6)  and  compared  with  a  regression  line  from  the  SAMSO  Un¬ 
manned  Spacecraft  Cost  Model  (third  edition). All  are  within  the 


-59- 


Table  7 

ESTIMATED  UNIT  1  COST 

(In  millions  of 
1976  dollars) 


AEM  .  2.3 

L-AEM 

Spin  .  3.9 

Baseline  .  4.8 

Precision  . 5.7 

STPSS 

Spin  .  4.6 

Low-cos t  .  5.7 

Precision  .  6.9 

MMS 

Basic  .  8.9 

SPS-I  .  9.4 


standard  error  of  estimate  (the  dashed  lines)  of  the  regression  line. 
The  AEM  has  a  higher  relative  cost  than  the  other  spacecraft  because  of 
a  lower  percentage  by  weight  of  structure.  All  other  spacecraft  have 
costs  lower  than  would  be  predicted  by  the  SAMSO  model,  and  that  seems 
appropriate  because  the  model  was  derived  from  data  on  conventional 
spacecraft. 


t 


I 


SPACECRAFT 
UNIT  1  COST 
It  Millions) 


Fig.  6 — Spacecraft  unit  cost  versus  weight 
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Cost-quantity  effects  in  spacecraft  depend  more  on  the  size  of 
each  individual  procurement  than  on  the  cumulative  quantity  procured. 

A  block  buy  of  six  may  reduce  total  cost  by  20  percent,  but  a  buy  of 

•k 

six  spacecraft  one  at  a  time  may  produce  no  cost  reduction.  Since  the 
manner  of  procurement  could  not  be  specified  in  this  study,  cost  reduc¬ 
tion  was  related  to  annual  production  rate  according  to  the  following 
empirically  derived  schedule: 


Annual 

Production  Cost  (%) 


1 

2 

3 

4 


100 

90 

87 

85 


In  estimating  spacecraft  costs  it  was  further  assumed  that: 


1.  Procurement  of  the  AEM  by  the  Space  Test  Program  Office 
begins  at  Unit  9.  The  first  eight  units  will  be  procured 
by  NASA  before  1980. 

2.  Procurement  of  the  MMS  by  the  Space  Test  Program  Office 
begins  at  Unit  5.  The  first  four  units  will  be  procured 
by  other  agencies  before  1980. 

3.  NASA  procures  two  MMS  per  year  during  the  decade  considered. 
The  Air  Force  buy  is  incremental  to  NASA  procurement. 

4.  The  Air  Force  procures  MMS  for  SIRE,  which  means  that  an 
Air  Force-compatible  communication  and  data  handling  sub¬ 
system  would  be  developed  for  MMS  and  would  be  available 

to  the  Space  Test  Program  Office  for  the  missions  discussed 
in  this  study  at  no  additional  cost. 


A  block  buy  usually  means  accepting  delivery  from  the  contractor 
of  all  the  spacecraft  at  one  time  or  over  a  short  period  of  time.  The 
alternative  is  to  spread  the  delivery  uniformly  over  a  much  longer  time 
period. 
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Nonrecurring  Costs.  Nonrecurring  costs  were  estimated  for  the 

STPSS  and  L-AEM  only;  for  the  other  spacecraft  those  costs  would  not  be 

borne  by  USAF  and  would  be  irrelevant  in  comparisons  of  USAF  outlays. 

The  SAMSO  Unmanned  Spacecraft  Cost  Model  provided  the  basic  estimating 

* 

equations,  which  were  derived  from  a  sample  of  up  to  28  space  programs 
over  the  period  1959-1972.  Some  spacecraft  had  been  deleted  from  the 
sample  because  they  were  developed  "under  tight  monetary  constraints 
and  under  a  philosophy  that  required  the  use  of  proven  technology." 
STPSS  is  precisely  such  a  program,  so  the  output  of  the  SAMSO  model 
was  modified  to  fit  the  Space  Test  Program  Office  philosophy. 

An  initial  assumption  was  that  the  first  spacecraft  manufactured 
and  tested  would  be  a  flight  model,  i.e. ,  there  would  be  no  qualifica¬ 
tion  test  model.  It  was  later  decided  that  a  qualification  test  model 
would  be  desirable,  and  the  estimates  were  modified  to  reflect  that 
decision.  The  higher  estimate  is  the  one  included  in  the  final  program 
costs. 

For  the  L-AEM  nonrecurring  costs  the  basic  estimate  provided  by 
Boeing  was  scaled  up  to  include  a  test  model,  but  as  shown  in  Table  8, 
the  difference  between  L-AEM  and  STPSS  nonrecurring  costs  is  striking. 
When  L-AEM  costs  are  estimated  in  the  same  manner  as  those  for  the 
STPSS,  the  differences  are  far  less.  It  is  possible  to  construct  a 
rationale  for  some  degree  of  difference,  e.g.,  L-AEM  would  be  a  follow- 
on  to  AEM,  and  there  would  be  some  transfer  of  learning.  Also,  STPSS 
consists  of  modules  that  are  developed  separately,  then  integrated, 
and  each  module  is  essentially  a  separate  spacecraft.  Configuration 
changes  in  L-AEM  are  handled  on  the  basis  of  different  kits  rather 
than  different  modules.  Nevertheless,  the  discrepancy  between  the 
estimates  based  on  the  SAMSO  model  and  those  based  on  Boeing  figures 
is  too  great  to  be  ignored.  In  the  discussion  of  program  costs  in 
Sec.  IV  the  impact  of  that  discrepancy  on  the  issue  of  spacecraft  se¬ 
lection  will  be  examined. 


Sample  size  varied  for  each  spacecraft  subsystem. 
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Table  8 

SPACECRAFT  NONRECURRING  COSTS 
(In  millions  of  1976  dollars) 


Spacecraft 

Estimates  Based 
on  SAMSO  Model 

Estimates  Based 
on  Boeing  Study 

STPSS 

L-AEM 

L-AEM 

Spin 

15.9 

— 

— 

Low-cost  (baseline) 

20.7 

18.0 

8.6 

Precision 

23.4 

19.6 

9.1 

Spin  +  low-cost 

25.3 

— 

— 

Spin  +  precision 

28.1 

23.0 

11.3 

Low-cost  +  precision 

26.1 

25.3 

11.9 

Spin  +  low-cost  +  precision 

_ i 

30.9 

28.7 

14.5 

Launch  Coats 

The  other  major  category  of  cost  in  the  10-year  program  considered 
is  the  cost  to  launch  spacecraft  and  place  them  in  orbit  at  the  speci¬ 
fied  altitude  and  inclination.  The  basic  launch  vehicle  is  the  space 
shuttle,  but  at  present  neither  the  cost  nor  the  guidelines  for  allo¬ 
cating  cost  among  users  has  been  determined.  Estimates  of  cost  range 
from  $15  million  to  $30  million,  of  which  the  users  may  pay  all  or 
nothing.  The  intent  of  the  study  was  not  to  estimate  launch  costs  but 
to  examine  whether  those  costs  could  influence  the  choice  of  spacecraft 
Consequently,  launch  costs  were  assigned  to  each  payload  based  on  a 
range  of  assumptions:  Space  shuttle  launch  cost  was  $15.4  million  or 
$30  million.  Costs  are  allocated  on  a  basis  of  weight  or  according 
to  either  of  two  NASA-proposed  tariff  schedules,  or  are  not  allocated 
at  all,  i.e.,  only  a  service  charge  is  incurred. 

In  the  initial  phase  of  this  study  a  NASA  formula  was  suggested 
as  a  basis  for  prorating  launch  cost;  it  considered  weight,  length, 
inclination,  and  altitude  as  independent  variables,  i.e.: 

SRU  =  .00215  length  +  .0238  length2  +  .000203  weight 

-  .00000000169  weight2  -  .000122  inclination 

2  2 
+  .00442  inclination  +  .00109  altitude  +  .000232  altitude 
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where  SRU  =  Service  Rendered  Units,  which  may  not  exceed  100.  It  repre¬ 
sents  a  percentage  of  total  launch  cost.  Length  is  in  feet,  weight  in 
pounds,  inclination  in  degrees,  and  altitude  in  nautical  miles.  If 
the  SRU  exceeds  100  ft  it  is  assumed  to  be  truncated  at  100. 

it 

A  formula  proposed  since  the  earlier  phase  consists  of  prorating 
the  dedicated  shuttle  cost  on  the  basis  of  whichever  of  the  load-factor 
ratios  below  is  larger: 

** 

1  payload  length  (in  feet) 

60 

2  ***  _ payload  weight  (in  pounds) _ 

shuttle  orbital  capacity  (in  pounds)  to  the 
desired  inclination  and  altitude 


In  this  study,  we  have  assumed  a  direct  relationship  between  load 
factor,  as  determined  above,  and  the  cost  factor  for  prorating  the 
dedicated  shuttle  cost.  In  some  formulations  of  this  tariff  rate,  the 
load  factor  is  multiplied  by  as  much  as  a  1.4  cost  factor;  this  has  not 
been  used  in  this  study.  Because  the  launch  cost  is  very  sensitive  to 
payload  length  when  using  this  NASA  tariff,  an  attempt  was  made  to 
minimize  launch  cost  by  placing  payloads  laterally  rather  than  longi¬ 
tudinally  in  the  shuttle  bay  whenever  the  payload  length  was  less  than 
13  ft.  Launch  costs  estimated  using  the  above  method  are  identified 
as  the  modified  NASA  tariff. 

The  other  cost-allocation  schemes  considered  were:  a  full  allo¬ 
cation  by  weight,  i.e.. 


it 

Private  conversation  with  Mr.  Edwin  G.  Dupnick  at  the  Johnson 
Space  Center  of  NASA,  October  19"76. 

itit 

Payload  length  is  the  sum  of  the  lengths  of  the  Space  Test  Pro¬ 
gram  payload,  spacecraft,  and  solid  kick  stages. 

For  this  study,  nominal  shuttle  capacities  of  65,000  lb  for 
ETR  launches  and  39,000  lb  for  WTR  launches  have  been  used,  A  nominal 
altitude  of  150  n  mi  has  been  used.  Solid  rocket  kick  stages  are  used 
to  translate  the  spacecraft  to  higher  orbits.  Payload  weight  is  the 
sum  of  the  weights  of  the  Space  Test  Program  payload,  spacecraft,  and 
kick  stages. 
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_ payload  weight _ 

shuttle  orbital  capacity 


*  $15.4  million 


plus  a  service  charge  of  $1  million;  an  allocation  of  only  half  the 
shuttle  cost  plus  a  service  charge;  and,  a  service  charge  only. 

Kick  Stages 

A  variety  of  solid  propellant  kick  stages  were  required,  and  to 
simplify  the  task  of  assigning  a  cost  to  each  kick  stage  a  simple 
cost-estimating  relationship  was  derived  from  the  cost  of  several 
existing  stages: 


C  =  2900  W585 

where  C  =  stage  cost  in  1976  dollars,  and 
W  =  stage  weight  (lb) . 

Where  the  IUS  was  used,  a  cost  of  $4.3  million  was  charged. 
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IV.  STANDARD  SPACECRAFT  ACQUISITIONS  FOR  THE  AIR  FORCE: 
PROGRAM  COSTS  AND  CONCLUSIONS 


PROGRAM  COSTS 

In  this  section,  the  total  program  costs  are  discussed  for  a  variety 
of  procurement  options,  each  of  which  is  capable  of  performing  all  of 
the  Air  Force  Space  Test  Program  missions.  For  this  constant-performance 
comparison,  program  cost  is  used  as  the  principal  measure  for  distinr 
guishing  among  procurement  options.  The  analysis  described  in  this 
section  was  accomplished  in  two  phases.  In  the  first  phase,  procurement 
options  using  the  AEM,  STPSS,  and  MMS  spacecraft  were  compared.  In  the 
second  phase,  additional  procurement  options  using  the  L-AEM  spacecraft 
were  defined  partly  as  a  result  of  the  outcome  of  the  first  phase  of  this 
analysis ;  for  that  reason  the  sequential  nature  of  the  analysis  is  pre¬ 
served  in  the  discussion  that  follows.  Finally,  the  conclusions  are  pre¬ 
sented  for  the  case  study  of  the  Air  Force  standard  spacecraft  procurement 
decision.  All  costs  are  in  millions  of  1976  dollars. 


Nominal  Case 

A  nominal  case  was  defined  as  a  baseline  for  estimating  the  cost 
to  carry  out  the  Space  Test  Program  missions  during  thr*  1980-1990 
period,  and  a  number  of  excursions  from  that  baseline  were  made  to  test 
the  sensitivity  of  the  results  to  assumptions  about  the  number  of  pay- 
loads,  payloads  per  spacecraft,  etc.  The  nominal  case  includes  all  three 
versions  of  the  STPSS.  The  nominal  program  size  is  114  payloads,  with  a 
maximum  of  6  payloads  per  spacecraft.  In  keeping  with  the  Air  Force 


As  mentioned  in  Sec.  Ill,  the  Work  Statement  for  this  study  indi¬ 
cated  that  the  number  of  payloads  (defined  as  the  set  of  experiments 
combined  on  one  page  of  the  bluebook) (26)  to  be  flown  per  spacecraft 
could  vary  from  a  combination  of  1  large  payload  plus  4  small  payloads 
to  as  many  as  12  small  payloads.  In  Sec.  Ill  it  was  found  that  for  the 
nominal  size  program  (114  payloads),  the  average  number  of  payloads  per 
spacecraft  would  be  about  6  but  that  it  might  increase  to  7  or  8.  For 
this  study,  this  assumption  has  been  treated  as  a  maximum  value  rather 
than  as  an  average  value  while  allocating  the  Space  Test  Program  pay- 
loads  to  specific  spacecraft;  this  will  be  discussed  later  in  this 
section  when  the  sensitivity  excursions  are  described. 
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Space  Test  Program  position  that  its  payloads  always  have  a  secondary 
status,  they  are  always  taken  to  an  altitude  of  150  n  mi  by  the  shuttle; 
solid  rocket  kick  stages  (not  the  1US)  are  then  used  for  translation 
into  the  proper  orbits.  Both  ETR  and  WTR  launches  of  the  shuttle  are 
considered.  It  has  been  assumed  that  the  shuttle  cost  of  $15.4  million 
will  be  prorated  by  weight  and  that  a  service  charge  of  $1  million  per 
launch  will  be  made. 

The  number  of  spacecraft  that  would  need  to  be  procured  for  each 
of  four  different  procurement  options  is  shown  in  Table  9.  The  four 
options  are:  all-STPSS,  all-MMS,  AEM  plus  STPSS,  and  A EM  plus  MMS. 

An  option  consisting  of  all  three  types  of  spacecraft  would  not  be 
cost-effective  in  view  of  the  magnitude  of  the  nonrecurring  cost  asso¬ 
ciated  with  providing  the  STPSS-P,  given  that  the  program  already  in¬ 
cludes  the  MMS. 


Table  9 

NUMBER  OF  SPACECRAFT 
(Nominal  case) 


Spacecraft 

Type 

Procurement  Options 

STPSS 

MMS 

AEM/ STPSS 

AEM/MMS 

AEM 

0 

0 

3 

4 

STPSS-S 

0 

0 

0 

0 

STPSS-LC 

19 

0 

16 

0 

STPSS-P 

5 

0 

5 

0 

MMS 

0 

24 

0 

20 

Total 

24 

24 

24 

24 

It  can  be  seen  that  the  STPSS-S  configuration  is  never  procured 
in  the  nominal  case,  because  there  are  only  a  few  payloads  that  can  be 
spin  stabilized,  and  they  are  distributed  over  the  eight  different 
orbits  in  such  a  way  that  it  is  always  more  costly  to  use  an  STPSS-S 
spacecraft  than  to  load  up  the  STPSS-LC  or  STPSS-P  spacecraft.  When 
considering  programs  with  a  larger  number  of  payloads,  the  spin  con¬ 
figuration  is  included  in  the  procurement  mix. 
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The  costs  associated  with  these  procurement  options  are  shown  in 
Table  10,  broken  out  by  the  spacecraft,  kick  stages,  and  launch  opera¬ 
tions.  The  cost  of  the  all-solid  kick  stages  is  nearly  insignificant 
(about  2  percent  of  the  total).  Launch  costs  represent  about  25  per¬ 
cent  of  the  total  cost. 

Table  10 

PROCUREMENT  COSTS  IN  NOMINAL  CASE 
($  millions) 


Procurement  Options 

Cost  Item 

STPSS 

MMS 

AEM/STPSS 

AEM/MMS 

Spacecraft 

Kick  stages 

167 

190 

155 

172 

(solids) 

Launch 

4 

6 

4 

5 

(100%  prorated) 

51 

67 

51 

63 

Total 

222 

263 

210 

240 

The  lowest-cost  procurement  option  is  the  AEM/STPSS  combination, 
but  the  all-STPSS  option  is  within  10  percent  of  the  AEM/STPSS  cost. 
Given  the  uncertainties  of  the  various  spacecraft  designs  used  in  this 
study,  program  options  having  costs  within  10  percent  of  each  other  are 
considered  as  indistinguishable.  Consequently,  for  the  nominal  case, 
both  the  AEM/STPSS  and  all-STPSS  cases  are  preferred  alternatives. 

The  all-MMS  case  is  not  a  good  option  for  the  Space  Test  Program  mis¬ 
sions,  because  it  offers  more  capability  than  is  needed  by  most  of  the 
payloads,  and  that  capability  must  be  paid  for. 

Payload  Variations 

Those  results  can  be  considered  valid  only  if  they  obtain  for  con¬ 
ditions  other  than  those  established  somewhat  arbitrarily.  To  test 
their  sensitivity  to  the  original  assumptions,  several  other  cases  were 
examined:  (1)  The  maximum  number  of  payloads  per  spacecraft  was  in¬ 
creased  from  6  to  13;  (2)  the  number  of  payloads  in  the  program  was 
allowed  to  range  from  92  to  228;  (3)  the  IUS  was  used  as  a  kick  stage 
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for  missions  with  large  payload  weights  and  high  altitude  requirements; 

(4)  the  percentage  of  shuttle  costs  prorated  to  Space  Test  Program  pay- 
loads  was  varied  from  0  to  100  percent;  (5)  criteria  other  than  weight 
were  used  for  allocating  shuttle  cost;  (6)  shuttle  cost  was  increased 
from  $15.4  to  $30  million;  and  (7)  lower  development  cost  was  assumed 
for  the  STPSS  to  reflect  the  elimination  of  the  qualification  test  model. 
Of  the  above  cases,  maximum  payloads  per  spacecraft,  payloads  in  the 
Space  Test  Program,  allocation  criteria  for  launch  costs,  and  shuttle 
cost  were  found  to  be  the  most  important  in  terms  of  program  costs. 

The  variation  of  total  program  cost  with  maximum  payloads  per 
spacecraft  is  illustrated  in  Fig.  7.  As  the  maximum  increases,  the 
reduction  in  program  cost  for  the  all-MMS  case  is  much  larger  than  for 
any  of  the  other  options.  This  is  partly  because  of  the  large  payload 


Fig.  7 — Effect  of  the  maximum  number  of  payloads 
per  spacecraft  (nominal  case) 


capability  of  the  MMS.  The  result  is  that  the  ability  to  distinguish 
between  the  procurement  options  on  the  basis  of  cost  disappears  when 
the  maximum  number  of  payloads  increases  above  10.  However,  the  total 
program  cost  is  about  30  percent  lower  than  in  the  nominal  case  (maxi¬ 
mum  number  of  payloads  «  6)  when  the  number  of  payloads  is  allowed 


J 
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to  inavease  to  IS.  That  was  found  to  be  true  across  a  wide  number  of 
excursions. 

It  should  be  noted  here  that  assuming  a  maximum  number  of  payloads 
per  spacecraft  of  13  results  in  an  average  number  of  payloads  per  space¬ 
craft  of  only  5  to  8,  depending  on  the  procurement  option.  The  largest 
benefit  is  from  orbits  1  and  2  where  the  majority  of  Space  Test  Program 
payloads  are  scheduled  to  be  flown.  To  illustrate  that.  Fig.  8  presents 
a  detailed  breakdown  of  the  distribution  of  the  actual  maximum  number  of 
payloads  per  spacecraft  by  orbit  for  the  all-STPSS  procurement  option. 
For  orbit  1-S,  for  example,  if  the  assumed  maximum  number  of  payloads 

per  spacecraft  is  allowed  to  Increase  from  6  to  13,  the  actual  maximum 

* 

number  of  payloads  assigned  to  a  spacecraft  increases  from  5  to  10. 

The  difference  between  the  actual  number  of  payloads  assigned  to  a 
spacecraft  and  the  upper  limit  occurs  in  all  orbits  because  of  the 
limited  number  of  payloads  In  each  orbit.  In  orbit  1-S,  for  example, 
the  mission  model  includes  only  20  payloads,  which  were  distributed 
evenly  between  two  spacecraft  when  the  assumed  maximum  number  of  pay- 
loads  per  spacecraft  was  increased  to  10.  Consequently,  the  average 
number  of  payloads  per  spacecraft  for  a  given  procurement  option  does 
not  increase  substantially  as  a  result  of  allowing  the  assumed  maximum 
number  of  payloads  per  spacecraft  to  increase  from  6  to  13. 

The  main  difficulty  associated  with  increasing  the  number  of  pay- 
loads  per  spacecraft  lies  in  the  payload-integration  area.  Although 
the  specific  performance  limits  of  each  spacecraft  were  imposed  while 
allocating  payloads,  payload-integration  problems  and  costs  were  not 
explicitly  examined.  Based  on  the  saving  in  program  costs  identified 
as  a  result  of  increasing  the  maximum  number  of  payloads  per  spacecraft, 
it  appears  that  a  systematic  study  of  the  payload  integration  problems 
and  costs  would  be  useful. 

Figure  9  illustrates  the  variation  in  program  cost  as  a  function 
of  Space  Test  Program  size.  Here  program  size  was  doubled  to  a  total 
of  228  payloads  to  see  if  economies  of  scale  might  preferentially  bene¬ 
fit  the  MMS  and  thereby  alter  the  ordering  of  the  procurement  options. 

*While  13  payloads  are  never  allocated  to  a  spacecraft  in  the 
example  shown  in  Fig.  8,  this  is  not  the  case  for  other  procurement 
options,  especially  those  including  the  MMS. 


ASSUMED 

ORBIT  NUMBER  OF  SPACECRAFT  MAX^NO.  ACTUAL  MAXIMUM  NUMBER  OF  PAYLOADS 

PAYLOADS/ 

10  5  SPACECRAFT  5  10  15 


-All-STPSS  nominal  case 
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Fig.  9 — Effect  of  Space  Test  Program 
size  (nominal  case) 


As  shown,  no  such  effect  was  found.  The  ordering  of  the  various  pro¬ 
curement  options  remained  unchanged,  whereas  the  program  cost  increased 
nearly  linearly. 

Launch  Cost  Variations 

Table  11  displays  program  costs  for  the  nominal  case  where  the 
shuttle  launch  cost  is  assumed  to  be  $15.4  million  prorated  among  users 
on  the  basis  of  payload  weight.  Excursions  were  performed  to  test  the 
sensitivity  of  the  rank  ordering  of  program  costs  to  shuttle  launch 
cost  and  the  procedure  adopted  for  allocating  shuttle  costs  among  users. 
The  results  of  the  variations  considered  are  also  shown  in  Table  11. 

For  ease  in  reading  the  table,  all  costs  more  than  10  percent  above  the 
lowest  cost  in  each  row  are  enclosed  in  parentheses — all  other  costs 
are  considered  to  be  essentially  the  same. 

In  looking  at  the  other  cases  it  is  clear  that  increasing  the 
shuttle  cost  to  $30  million  per  launch  has  no  effect  on  relative  re¬ 
sults,  although  the  magnitude  of  program  costs  increases  about  15  per¬ 
cent.  Assuming  that  Space  Test  Program  payloads  get  a  free  ride  on 
the  shuttle  and  pay  only  a  service  charge  of  $1  million  per  launch 
does  not  change  the  conclusions  either.  The  STPSS  looks  slightly  worse 


A 
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Table  11 

EFFECT  OF  SHUTTLE  COST  AND  TARIFF  SCHEDULES3 


No.  of 

Max.  No. 

Program  Cost 

Payloads 

in 

of  Payloads 

($ 

millions) 

per 

Case 

Programs 

Spacecraft 

STPSS 

MMS 

AEM/STPSS 

AEM/MMS 

114 

13 

160 

162 

157 

156 

Shuttle  cost  = 

114 

6 

222 

(263) 

210 

(240) 

$15.4  million 

228 

13 

244 

247 

244 

240 

228 

6 

373 

(418) 

342 

(392) 

114 

13 

181 

189 

178 

183 

Shuttle  cost  = 

114 

6 

249 

(306) 

237 

(279) 

$30  million 

228 

13 

279 

290 

279 

284 

228 

6 

424 

(489) 

391 

(461) 

114 

13 

139 

135 

136 

129 

Service  charge 

114 

6 

195 

(220) 

183 

201 

of  $1  million  only 

228 

13 

209 

204 

209 

196 

228 

6 

322 

(347) 

293 

(323) 

114 

13 

202 

204 

199 

198 

NASA  tariff 

114 

228 

6 

13 

297 

315 

(342) 

316 

286 

333 

(321) 

321 

228 

6 

514 

(558) 

490 

538 

114 

13 

161 

(181) 

156 

(173) 

Modified 

114 

6 

226 

(277) 

210 

(258) 

NASA  tariff 

228 

13 

244 

(267) 

240 

(265) 

228 

6 

(376) 

(454) 

339 

(432) 

aFor  a  given  row,  program  costs  within  10  percent  of  the  lowest  value  are 
not  in  parentheses. 


and  the  AEM/MMS  slightly  better,  but  the  only  definite  conclusion  is 
still  that  the  MMS  is  not  attractive  when  the  maximum  number  of  pay- 
loads  per  spacecraft  is  6. 

The  effect  of  two  different  NASA-proposed  tariff  schedules  is  also 
shown.  In  the  case  called  NASA  tariff,  where  launch  cost  is  allocated 
on  a  basis  of  payload  length  and  weight,  altitude,  and  orbital  inclina¬ 
tion,  relative  costs  are  unchanged  from  the  first  two  cases.  Adaptation 
of  a  more  recent  tariff  schedule,  modified  NASA  tariff,  altered  these 
results  somewhat;  both  the  pure  MMS  and  the  AEM/MMS  options  have  rela¬ 
tively  higher  program  costs  because  the  average  length  of  the  spacecraft- 
payload  combinations  for  these  options  is  greater  than  for  the  options 
using  the  STPSS. 
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The  implications  of  the  foregoing  analysis  for  spacecraft  selec¬ 
tion  that  has  included  the  AEM,  STPSS,  and  MMS  may  be  summarized  as 
follows : 


1.  When  the  upper  limit  on  the  number  of  payloads  that  can  be 
assigned  to  a  spacecraft  is  10  or  more,  program  costs  are 
essentially  the  same  in  all  cases. 

2.  When  the  number  of  payloads  per  spacecraft  is  limited  to  6, 
the  STPSS  and  AEM/STPSS  offer  lowest  program  costs  in  vir¬ 
tually  all  cases. 

3.  When  shuttle  charges  are  determined  largely  by  payload  length 
as  is  the  case  when  the  modified  NASA  shuttle  tariff  is  used, 
the  AEM/STPSS  combination  has  the  lowest  program  cost. 

4.  Given  the  stipulated  AEM,  STPSS,  and  MMS  capabilities,  the 
uncertainties  in  the  Air  Force  Space  Test  Program  mission 
model,  and  the  uncertainties  in  the  shuttle  tariff  schedule, 
none  of  the  alternatives  considered  offers  a  clear-cut  ad¬ 
vantage  over  the  others,  although  those  options  that  include 
the  STPSS  are  generally  preferred. 

Upgraded  AEM 

As  an  additional  excursion,  the  possibility  of  modifying  some 
spacecraft  designs  to  give  them  greater  capability  was  considered. 
Specific  modifications  considered  include:  increasing  the  STPSS  pay- 
load  capability  to  1500  lb;  increasing  the  AEM  payload  capability  to 
300  lb;  and  changing  the  AEM  capability  to  allow  sun  orientation  or 
geosynchronous  altitude  operation.  Of  these,  only  the  last  promised  a 
sizable  impact  on  program  cost  because  of  the  increased  number  of  Space 
Test  Program  payloads  that  could  be  captured  (from  22  to  72  percent). 

To  obtain  a  first-order  approximation  of  the  cost  of  an  AEM  having  such 
a  capability,  the  cost  of  the  STPSS  cold-gas  reaction  control  system 
was  added  to  the  cost  of  the  basic  AEM.  Such  a  reaction  control  system 
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would  be  needed  for  the  AEM  to  operate  at  geosynchronous  altitude.  This 
configuration  is  referred  to  henceforth  as  the  upgraded  AEM. 

Table  12  compares  the  cost  of  upgraded  AEM/STPSS  and  upgraded 
AEM/MMS  combinations  with  those  considered  in  the  previous  nominal  case. 
In  that  excursion  the  upgraded  AEM/MMS  combination  appeared  to  have 
program  costs  more  than  20  percent  below  those  of  the  other  procurement 
options.  The  principal  reasons  for  this  are:  (1)  With  the  additional 
performance  capabilities,  the  relatively  low-cost  upgraded  AEM  is  a 
substitute  for  the  more  expensive  STPSS  on  nearly  all  missions,  and 
(2)  when  the  upgraded  AEM  is  used  in  combination  with  the  MMS,  the  non¬ 
recurring  cost  of  the  STPSS  is  not  incurred. 


Table  12 

EFFECT  OF  THE  UPGRADED  AEM3 


Case 

No.  of 
Payloads 
in 

Program 

Max.  No. 
of  Payloads 
per 

Spacecraft 

Program  Cost  ($  millions) 

STPSS 

MMS 

AEM/STPSS 

AEM/MMS 

Upgraded- 

AEM/STPSS 

Upgraded- 

AEM/MMS 

114 

13 

(160) 

HI 

ijBRfH 

99 

114 

6 

(222) 

ESI 

■BBl 

IVfESH 

146 

228 

13 

(244) 

(247) 

iSnTni 

175 

228 

6 

(373) 

(418) 

■ 

(392) 

294 

Increased  esti- 

114 

13 

(160) 

(162) 

(157) 

(156) 

(175) 

121 

mates  of 

114 

6 

(222) 

(263) 

(210) 

(240) 

(215) 

183 

upgraded  AEM 

228 

13 

244 

247 

244 

240 

(281) 

231 

cost 

228 

6 

373 

(418) 

342 

(392) 

368 

371 

aFor  a  given  row,  program  costs  within  10  percent  of  the  lowest  value  are  net  in  parentheses. 


To  test  the  sensitivity  of  the  above  result  to  the  estimated  cost 
of  the  upgraded  AEM,  nonrecurring  cost  was  increased  by  $10  million 
and  unit  1  recurring  cost  was  increased  from  $2.44  million  to  $4.88 
million.  The  results,  also  shown  in  Table  12,  indicate  that  the  up¬ 
graded  AEM/MMS  combination  continues  to  be  the  preferred  procurement 


We  have  assumed  that  the  upgraded  AEM  is  limited  to  a  payload  of 
150  lb,  a  data  rate  of  8  kbps,  experimental  power  of  40-50  W  and  no 
encryption  capability — the  same  as  the  basic  AEM. 
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* 

option.  Other  candidates  become  competitive  only  when  the  program 
size  is  expanded  to  228  payloads. 

In  this  last  case,  an  upgraded  AEM  spacecraft  with  costs  of  that 
magnitude  would  probably  also  have  greater  payload,  power,  and  data 
rate  capabilities.  Furthermore,  it  would  probably  also  be  a  redundant 
design  to  minimize  the  single-point  failure  modes.  Because  of  the 
potential  value  of  such  a  spacecraft  it  seemed  highly  desirable  that 
an  upgraded  AEM  having  many  of  the  above  characteristics  be  designed 
and  evaluated  for  use  in  the  Air  Force  's  Space  Test  Program. 

Large-Diameter  Shuttle-Launched  AEM  (L-AEM) 

Under  MSA  sponsorship  the  Boeing  Company  undertook  a  configura¬ 
tion  and  cost  study  for  a  5  ft  diameter  AEM  that  would  be  designed  for 
shuttle  launch  and  would  include  the  capabilities  ascribed  above  to 
the  upgraded  AEM.  Revised  Boeing  cost  estimates  (as  described  in 
Appendix  A)  were  used  to  compute  program  costs  for  a  variety  of  pro¬ 
curement  options  including  the  L-AEM.  Table  13  shows  those  options 
compared  with  others  for  the  nominal  case.  Where  the  L-AEM  is  used, 
all  three  configurations  (baseline,  spin,  and  precision)  were  con¬ 
sidered;  but  for  the  same  reasons  discussed  earlier  for  the  STPSS,  the 
spin  configuration  is  included  only  when  the  mission  model  includes 
228  payloads. 

Two  procurement  options  are  included  that  use  the  MMS  but  none 
that  uses  the  STPSS  in  combination  with  the  L-AEM.  There  are  two 
reasons  for  this.  First,  the  MMS  has  been  used  primarily  when  its  use 
would  decrease  the  total  number  of  spacecraft  necessary  to  fly  the 
designated  payloads  as  a  result  of  its  large  payload  capability  (4000 
lb);  the  payload  capabilities  of  the  STPSS  and  L-AEM  are  identical, 
so  we  always  chose  the  lower-cost  L-AEM.  Second,  consideration  of 
both  the  L-AEM  and  STPSS  in  a  single  procurement  option  would  mean 
that  the  nonrecurring  cost  associated  with  developing  both  spacecraft 
would  have  to  be  included  in  the  total  program  cost. 


The  use  of  the  modified  NASA  tariff  increases  the  program  cost 
of  the  MMS  and  AEM/MMS  options  relative  to  the  other  options  shown  in 
Table  12,  and  thereby  would  not  alter  this  observation. 


Table  13 


EFFECT  OF  THE  L-AEM3 


Case 

No .  of 
Payloads 
in 

Program 

Max.  No. 
of  Payloads 
per 

Spacecraft 

Program  Cost  ($  millions) 

STPSS 

MMS 

AEM/STPSS 

AEM/MMS 

L-AEM 

AEM/L-AEM 

L-AEM/MMS 

AEM/ 

L-AEM/MMS 

■  ■ 

■Jill 

(162) 

(157) 

(156) 

135 

133 

139 

132 

I  I 

(263) 

(210) 

(240) 

186 

181 

187 

186 

Nominal 

iiS 

■  : 

I::  I 

(247) 

(244) 

(240) 

198 

208 

2 12 

199 

MM 

(373) 

(418) 

(342) 

(392) 

306 

297 

(373) 

323 

114 

(160) 

(162) 

157 

156 

148 

146 

150 

143 

Higher  L-AEM 

114 

IH 

(222) 

(263) 

210 

(240) 

199 

195 

200 

197 

nonrecurring 

228 

(244) 

(247) 

(244) 

(240) 

212 

222 

223 

211 

228 

Wmm 

(373) 

(418) 

342 

(392) 

320 

311 

(384) 

335 

aFor  a  given  row,  program  costs  within  10  percent  of  the  lowest  value  are  not  in  parentheses. 


Table  13  illustrates  that  all  of  the  procurement  options  that  use 
the  L-AEM  are  preferred  over  those  made  up  of  the  three  original  space¬ 
craft.  In  fact,  the  lowest-cost  L-AEM  option  is  about  15-20  percent 
less  costly  than  the  lowest-cost  non-L-AEM  option,  and  that  assumes 
that  the  nonrecurring  cost  of  the  L-AEM  would  be  paid  for  by  the  Air 
Force.  If  the  L-AEM  is  developed  by  NASA,  the  L-AEM  options  are  even 
more  attractive. 

In  Sec.  Ill,  the  uncertainty  surrounding  the  estimates  of  the  non¬ 
recurring  costs  of  the  L-AEM  spacecraft  configurations  was  discussed. 

The  nominal  case  in  Table  13  includes  the  lower  set  of  estimates,  be¬ 
cause  it  is  felt  that  they  more  closely  reflect  the  nonrecurring  costs  of 
the  L-AEM.  However,  the  effect  of  higher  nonrecurring  costs  for  the 
L-AEM  on  the  choice  of  a  procurement  option  has  been  examined.  The 
second  set  of  estimates  in  Table  13  shows  that  when  L-AEM  development 
cost  is  increased,  the  AEM-STPSS  combination  is  also  attractive  for 
some  conditions.  As  mentioned  earlier,  however,  it  is  not  known  whether 
the  L-AEM  would  be  developed  (if  it  is  developed)  by  NASA,  the  Air  Force, 
or  jointly.  The  L-AEM  would  probably  be  suitable  for  NASA  missions  as 
well  as  for  the  Air  Force  Space  Test  Program  missions  used  in  this  anal¬ 
ysis.  In  the  case  described  here,  it  is  assumed  that  the  Air  Force  would 
underwrite  all  the  nonrecurring  costs  of  the  L-AEM.  If  either  of  the 
other  two  development  alternatives  was  followed,  the  attractiveness  of 
the  L-AEM  would  be  enhanced.  Consequently,  it  is  concluded  from  these 
excursions  that  development  of  the  L-AEM  would  be  more  appropriate  for 
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the  Air  Force  's  Space  Test  Program  than  the  development  of  the  STPSS 
and  that  the  use  of  the  L-AEM  in  combination  with  the  AEM  or  the  MMS 
would  constitute  alternative  cost-effective  procurement  options. 

In  the  analysis  of  the  L-AEM  spacecraft  for  Air  Force  Space  Test 
Program  missions,  the  L-AEM-BL  configuration  was  found  to  be  able  to 
accommodate  only  28  percent  of  the  missions,  primarily  because  of 
limitations  on  its  maximum  operating  altitude  and  orientation.  Conse¬ 
quently,  in  the  L-AEM  procurement  options  the  more  expensive  and  more 
versatile  L-AEM-P  configuration  has  been  used  when  the  L-AEM-BL 
configuration  would  have  been  adequate  except  for  those  limitations. 

To  evaluate  the  effect  of  increasing  the  capability  of  the  L-AEM-BL 
configuration  to  allow  geosynchronous  altitude  and  sun-oriented  oper¬ 
ations,  the  cost  of  the  L-AEM-BL  was  increased  to  allow  for  an  in- 

* 

crease  in  size  of  the  hydrazine  reaction  control  system.  Options 
containing  this  configuration  are  labeled  L-AEM-1. 

Table  14  compares  the  four  procurement  options  based  on  the  L-AEM, 
with  four  options  based  on  the  L-AEM-1  design.  As  expected,  the  pro¬ 
gram  costs  for  the  procurement  options  based  on  the  L-AEM-1  design  are 
lower  than  those  based  on  the  L-AEM  design;  but,  given  the  accuracy  of 
the  spacecraft  designs  and  cost-estimating  procedures,  most  of  the 
options  are  comparable.  This  means  that  giving  the  L-AEM-BL  more  capa¬ 
bility  is  worthwhile  but  not  essential  in  deciding  on  the  procurement 
option  for  conducting  the  Air  Force  Space  Test  Program  missions. 

Earlier  in  this  section,  it  was  shown  that  an  upgraded  AEM  in 
combination  with  the  MMS  provided  the  lowest  total  program  cost.  The 
upgraded  AEM  differs  from  the  L-AEM  in  that  it  has  the  payload,  data 
rate,  and  power  limitations  of  the  original  AEM;  L-AEM  capability  is 
greater  in  all  of  these  areas.  Table  15  displays  a  comparison  of  the 
program  costs  for  the  four  procurement  options  derived  from  the  L-AEM 
and  the  two  options  using  the  upgraded  AEM.  Again,  the  upgraded  AEM/MMS 
procurement  option  is  the  preferred  solution  (as  indicated  by  the 
parentheses),  but  by  less  of  a  cost  margin  than  before.  This  result 


It  is  assumed  that  the  additional  sun  sensor  required  for  sun 
orientation  would  be  part  of  the  payload  package  and  therefore  would 
not  affect  the  cost  of  the  L-AEM-BL. 


Table  14 


EFFECT  OF  UPGRADING  THE  L-AEMa 
(L-AEM-1) 


Case 

No.  of 
Payloads 
in 

Program 

Max.  No. 
of  Payload 
per 

Spacecraft 

Program  Cost  ($  millions) 

L-AEM 

AEM/ 

L-AEM 

L-AEM/ 

MMS 

AEM/ 

L-AQt/ 

|  MMS 

L-AEM- 1 

AEM/1 
L-AEM- 1 

L-AEM-1/ 

MMS 

AEM/ 

L-AEM-1/ 

MMS 

114 

13 

135 

133 

139 

132 

130 

127 

mm 

129 

114 

6 

185 

181 

187 

186 

174 

171 

Bf  S 

178 

228 

13 

198 

208 

(212) 

199 

190 

200 

(211) 

194 

228 

6 

(306) 

29  7 

(373) 

(323) 

292 

276 

(365) 

(315) 

aFor  a  given  row,  program  costs  within  10  percent  of  the  lowest  value  are  not  in  parentheses. 


Table  15 

COMPARISON  OF  THE  L-AEM  AND  UPGRADED  AEM* 


Case 

No.  of 
Payloads 
In 

Program 

Max.  No. 
of  Payloads 
per 

Spacecraft 

Program  Cost  ($  millions) 

L-AEM 

AEM/ 

L-AEM 

L-AEM/ 

MMS 

AEM/ 

L-AEM/ 

MMS 

Upgraded- 

AEM/STPSS 

Upgraded- 

AEM/MMS 

114 

13 

(135) 

(133) 

(139) 

(132) 

(148) 

99 

114 

6 

(185) 

(181) 

(187) 

(186) 

(172) 

146 

228 

13 

(198) 

(208) 

(212) 

(199) 

(233) 

175 

228 

6 

306 

297 

(373) 

322 

298 

294 

114 

13 

(135) 

(135) 

(139) 

(134) 

(167) 

113 

With  AEM 

114 

6 

185 

186 

187 

(196) 

175 

redundancy 

228 

13 

198 

217 

212 

217 

(224) 

228 

6 

306 

318 

(373) 

337 

BsSH 

(369) 

a 

For  a  given  row,  program  costs  within  10  percent  of  the  lowest  value  are  not  in 
parentheses. 


occurs  for  the  same  reasons  as  stated  earlier  (p.  75) »  except  in  this 
case  the  L-AEM  spacecraft  is  displaced  by  the  cheaper  upgraded  AEM 
rather  than  the  STPSS.  However,  the  limited  capability  of  the  up¬ 
graded  AEM,  i.e.,  50  W  of  power  and  a  maximum  payload  of  150  lb,  makes 
this  conclusion  somewhat  tenuous  in  view  of  the  uncertainty  associated 
with  Air  Force  Space  Test  Program  missions  for  the  1980  to  1990  period 
Any  major  growth  in  payload  power  or  weight  requirements  would  mean 
procurement  of  more  MMS  and  fewer  upgraded  AEM;  that  would  quickly 


decrease  any  total  program  cost  advantage  that  the  option  might  have. 

To  illustrate  this,  three  to  four  additional  MMS  in  the  upgraded  AEM/MMS 
option  would  eliminate  the  difference  in  program  cost  between  the  pure 
L-AEM  option  and  the  upgraded  AEM/MMS  option  for  the  nominal  case. 

In  addition,  one  of  the  current  Air  Force  requirements  of  new 

spacecraft  is  to  minimize  single-point  failure  modes  in  the  spacecraft 

design.  As  indicated  in  Appendix  I,  that  was  one  of  the  specifications 

for  the  L-AEM  design  and  has  been  accounted  for  in  its  recurring  cost. 

To  illustrate  the  effect  on  program  cost  of  increasing  AEM  redundancy 

so  that  the  L-AEM  and  the  upgraded  AEM  options  will  be  more  comparable, 

an  excursion  was  made  in  which  it  was  assumed  that  whenever  an  AEM  or 

upgraded  AEM  is  included  in  an  option,  two  spacecraft  would  be  flown 

* 

in  the  same  shuttle.  The  results  are  shown  in  Table  15.  It  can  be  seen 
that  for  the  case  of  114  payloads  and  6  payloads  per  spacecraft,  several 
L-AEM  options  are  within  the  lower  10  percent  cost  category;  for  a  mis¬ 
sion  model  with  228  payloads,  the  L-AEM  options  are  clearly  preferred 
over  the  upgraded  AEM/MMS  option. 

Considering  that  the  program  cost  advantage  indicated  for  the  up¬ 
graded  AEM/MMS  option  over  the  L-AEM  option  could  be  lost  in  either  of 
the  two  ways  mentioned  above,  i.e.,  by  growth  in  the  power  and/or  weight 
requirements  of  the  Air  Force  Space  Test  Program  mission  model,  or  by 
spacecraft  design  requirement  for  minimizing  single-point  failure  modes, 
it  ia  concluded  that  the  L-AEM  spacecraft ,  or  some  very  similar  design , 
would  provide  a  basis  for  minimizing  the  Air  Force  Space  Test  Program 
costs.  The  L-AEM  could  be  used  individually  or  in  combination  with  the 
AEM  and/or  the  MMS.  This  conclusion  is  reinforced  by  the  analysis  of 
a  variety  of  procurement  options  that  considered  the  uncertainties  in 
the  spacecraft  costs  and  designs,  the  Air  Force  Space  Test  Program 
mission  model,  and  the  shuttle  cost  and  tariff  schedule. 

The  procurement  results  for  the  nominal  case  that  include  the 
L-AEM  are  shown  in  Table  16.  A  comparison  of  these  options  indicates 

* 

This  idea  was  suggested  by  Boeing  as  a  way  of  achieving  the  de¬ 
sired  level  of  redundancy  without  redesigning  the  entire  spacecraft. 
Physically  it  is  possible  to  have  two  AEM  spacecraft  side  by  side 
within  the  envelope  of  the  L-AEM. 
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Spacecraft 

Type 


Number 

of  Spacecraft 

L-AEM 

AEM/ L-AEM 

L-AEM/MMS 

AEM/L-AEM/MMS 

3 

3 

12 

'///\& 

^  I  maximum  number  of  payloads/spacecraft. 


that  the  L-AEM-P  configuration  comprises  about  75  percent  of  the  buy, 
with  the  balance  being  shared  by  the  AEM,  L-AEM-BL,  and/or  MMS;  the 
L-AEM-S  is  never  used  in  the  nominal  program. 

The  distribution  of  the  program  cost  of  the  pure  L-AEM  procurement 
option  is  illustrated  in  Fig.  10.  About  $134  million  is  spent  procuring 
spacecraft  and  solid  rocket  kick  stages.  The  launch  costs  are  shown  for 
both  WTR  and  ETR.  For  the  ETR  launches,  the  launch  costs  are  very  sim¬ 
ilar  for  the  three  allocation  schemes.  However,  the  original  NASA  tariff 
rate  that  is  a  function  of  spacecraft  payload  weight  and  length,  alti¬ 
tude,  and  orbital  inclination  imposes  a  disproportionally  high  cost  on 
WTR  launches.  For  the  $15.4  million  shuttle  case,  the  WTR  launch  costs 
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launch  COSTS 


COST 

(Millions  ol 

Dollars  DO*  PRORATED 


WES1ERN  TEST  RANGE  LAUNCH  EASTERN  TEST  RANGE  LAUNCH 
COSTS  COSTS 

Fig.  10 — Distribution  of  program  costs 
(L-A£M  option) 

exceed  $100  million.  The  most  significant  factor  is  the  orbit  inclina¬ 
tion.  The  use  of  the  modified  NASA  tariff  rate  redresses  this  drastic 
cost  imbalance.  The  variation  in  shuttle  cost  considered  in  this  study 
does  not  appear  to  greatly  alter  the  launch  costs,  providing  the  earlier 
NASA  tariff  rate  is  not  used. 

CONCLUSIONS 

Four  major  conclusions  have  been  drawn  from  this  case  study.  First, 
program  cost  does  not  provide  a  basis  for  choosing  among  the  AEM,  STPSS, 
and  MMS  spacecraft ,  given  their  present  designs.  Only  when  the  modified 
NASA  tariff  schedule  was  used  for  allocating  the  shuttle  launch  cost  did 
the  STPSS  options  become  preferred;  with  Che  uncertainty  in  the  appropriate¬ 
ness  of  this  tariff  schedule,  this  case  does  not  provide  sufficient  basis 
for  recommending  the  STPSS  development. 

Second,  the  availability  of  the  L-AEll  spacecraft ,  or  some  very  similar 
design,  would  provide  a  basis  for  minimizing  the  cost  of  the  Air  Force  's 
Space  Test  Program.  The  L-AEM  could  be  used  Individually  or  in  combina¬ 
tion  with  the  AEM  and/or  MMS  as  the  missions  require.  The  upgraded  AEM 
options,  although  having  program  costs  similar  to  the  L-AEM  options, 
provide  less  capability  for  handling  growth  in  the  Space  Test  Program 
mission  model. 
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Third ,  the  program  costs  are  very  sensitive  to  the  maximum  number 
of  payloads  flown  per  spacecraft.  An  increase  from  6  to  13  in  the  maxi¬ 
mum  number  of  payloads  per  spacecraft  would  result  in  about  a  30  percent 
lower  program  cost;  the  major  portion  of  this  savings  occurs  by  increas¬ 
ing  the  maximum  number  of  payloads  to  10.  An  analysis  of  this  potential 
should  be  undertaken. 

Fourth ,  launch  costs ,  as  determined  by  a  variety  of  formulas,  gen¬ 
erally  did  not  affect  the  preferred  procurement  option,  although  they 
substantially  change  the  total  program  costs.  The  modified  NASA  shuttle 
tariff  rate  structure  considered  during  the  second  phase  of  the  case 
study  corrects  the  drastic  cost  imbalance  that  the  original  NASA  tariff 
imposed  on  Air  Force  launches  from  the  Western  Test  Range.  Secondary 
payload  status,  an  underlying  assumption  for  the  Air  Force's  Space  Test 
Program,  is  not  yet  accounted  for  in  any  of  the  NASA  tariff  rate  struc¬ 
tures  for  the  shuttle.  Incorporation  of  the  concept  of  a  secondary  pay- 
load  could  reduce  the  total  program  costs  presented  in  this  dissertation, 
but  it  probably  would  not  affect  the  spacecraft  procurement  decision. 


L 
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V.  MSA-DOD  COOPERATION;  ORGANIZATIONAL  OBSERVATIONS 
FROM  THE  CASE  STUDY 


In  this  section,  the  MSA  and  DoD  organizational  interactions  that 
occurred  throughout  the  case  study  are  discussed  within  the  context 
of  the  results  of  the  cost-benefit  analysis  for  each  phase  of  the  study. 
Observations  are  made  concerning  the  direction  the  Air  Force  and  NASA 
might  take  with  regard  to  the  Air  Force  decision  on  acquisition  of  a 
standard  spacecraft  and  how  this  direction  might  be  influenced  by  the 
economic  analysis  and  organizational  factors.  Observations  are  also  made 
on  the  impact  of  the  future  dependence  of  the  Air  Force  on  NASA’s  space 
shuttle  for  launching  its  payloads.  Finally,  some  of  the  organizational 
factors  that  contributed  to  the  successful  completion  of  this  case  study 
are  discussed. 

MOTIVATIONS  FOR  PARTICIPATING  IN  THE  STANDARD  SPACECRAFT  STUDY 

Although  the  procurement  decision  analyzed  in  the  case  study  dis¬ 
cussed  in  Secs.  Ill  and  IV  was  strictly  that  of  the  Air  Force  Space  Test 
Program  Office,  two  program  offices  at  the  MSA  Goddard  Space  Flight 
Center  became  voluntarily  involved  to  the  extent  that  they  shared  in  the 
funding  of  the  study  and  provided  access  to  the  details  of  their  space¬ 
craft  designs  and  costs.  It  was  clear  from  the  start  of  this  study 
that  the  NASA  program  offices  were  interested  primarily  in  having  their 
respective  spacecraft  designs  considered  for  the  Air  Force  Space  Test 
Program  missions  and  hoped  that  by  cooperating  in  the  study  they  could 
best  ensure  that  their  designs  were  represented  fairly.  This  allowed 
them  to  argue  their  case  at  all  of  the  progress  reviews,  thereby  avoid¬ 
ing  waiting  until  the  study  results  were  published  before  reacting  to 
the  outcome. 

The  discussion  of  the  behavior  of  the  Air  Force  and  NASA  that  fol¬ 
lows  must  be  cast  within  the  context  outlined  in  Sec.  II  for  NASA-DoD 
cooperation  in  space.  This  context  includes  15  years  of  operating  ex¬ 
perience  with  the  Space  Council  and  AACD.  This  coordination  machinery 
has  demonstrated  the  authority  on  a  number  of  occasions  to  Inquire  into 
a  wide  range  of  NASA-DoD  activities  to  ensure  that  unnecessary  duplication 
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does  not  occur.  For  this  study,  the  AACB  is  the  appropriate  coordinat¬ 
ing  body  that  could  be  expected  to  inquire  into  the  Air  Force  procurement 
of  a  new  standard  spacecraft.  As  will  be  discussed  later  in  this  sec¬ 
tion,  the  AACB  inquiry  took  place  between  the  first  and  second  phases 
of  the  study.  In  addition  to  the  pressure  of  the  AACB,  the  Air  Force 
faced  the  traditional  budgetary  cycle  that  involves  the  DoD  and  the 
Office  of  Management  and  Budget  (OMB).  The  budgetary  process  consists 
of  a  detailed  review  of  both  expenditures  and  objectives  on  a  line-item 
basis.  The  Air  Force  usually  justifies  expenditure  of  funds  on  a  "new 
start"  by  demonstrating  its  economic  feasibility,  especially  when  there 
appears  to  be  alternative  means  to  accomplish  the  same  task.  While  the 
OMB  obstacle  loomed  large  for  the  Air  Force  Space  Test  Program  Office, 
it  also  represented  a  significant  factor  in  shaping  the  behavior  of  the 
NASA  MMS  Program  Office  as  well.  At  the  time  of  this  study,  NASA  au¬ 
thorization  for  procurement  of  the  complete  MMS  program  had  not  yet  been 
given  and  it  was  possible  that  the  OMB  review  of  this  line  item  in 
NASA's  budget  could  be  mooted  by  having  additional  support  for  the  re¬ 
quired  expenditures  or  additional  applications  for  the  MMS,  i.e. ,  Air 
Force  Space  Test  Program  missions. 

In  addition  to  the  OMB  and  AACB,  the  staff  of  the  Senate  Committee 
on  Aeronautical  and  Space  Sciences  inquired  at  the  outset  of  the  study 
about  the  objectives  of  the  study,  the  motivation  of  the  Air  Force  Space 
Test  Program  Office  regarding  the  developmental  responsibility  for  the 
new  spacecraft,  and  the  objectivity  and  independence  of  The  Rand  Corpora¬ 
tion  in  accomplishing  this  study.  As  far  as  is  known,  no  further  Con¬ 
gressional  inquiry  has  been  made  concerning  this  study  of  the  Air  Force 
standard  spacecraft  procurement  decision.  However,  should  the  Air  Force 
go  forward  with  its  own  standard  spacecraft  design,  the  Congressional 
inquiry  may  be  reopened  as  part  of  the  budgetary  review. 

MMS  Program  Office 

Participation  by  the  MMS  Program  Office  was  not  without  risk,  be¬ 
cause  this  study,  while  concentrating  on  the  relative  accuracy  of  the 
costs  of  the  candidate  spacecraft  designs,  did  produce  estimates  of  the 
absolute  procurement  cost  of  the  MMS.  As  mentioned  above,  the  risk  for 


the  MMS  program  stemmed  from  the  fact  that  NASA  was  not  firmly  committed 
to  the  procurement  of  the  MMS  at  the  outset  of  this  study  and  the  pro¬ 
curement  cost  of  the  MMS  was  to  be  a  major  consideration  in  NASA's  de¬ 
cision.  Too  high  a  cost  estimate  for  MMS  from  this  study  might  have 
created  problems  for  the  MMS  Program  Office  with  respect  to  the  timing 
of  its  request  for  proposals  for  the  major  spacecraft  subsystems.  On 
the  other  hand,  the  advantage  of  participating  in  the  study  was  twofold: 
First,  an  independent  validation  of  the  MMS  cost  estimates  relatively 
close  to  those  that  NASA  was  quoting  would  provide  substantiation  for 
the  MMS  program;  and  second,  if  the  study  results  showed  that  the  Air 
Force  procurement  option  for  the  Space  Test  Program  should  include  some 
MMS,  then  the  MMS  program  could  use  this  information  to  help  justify 
going  forward  with  MMS. 

The  program  manager  of  the  MMS  had  funded  a  substantial  amount  of 
fabrication,  design,  and  subcontractor  work  before  this  study,  providing 
him  with  the  confidence  in  the  range  of  the  cost  estimate  outcomes. 

This  preliminary  work  was  a  valuable  input  to  the  Rand  study. 


AEM  Program  Office 

The  situation  with  the  other  NASA  Program  Office  (AEM)  was  sub¬ 
stantially  different  from  that  of  the  MMS  Program  Office.  The  AEM  pro¬ 
gram  was  under  contract  and  two  missions  had  been  justified  and  approved 
by  NASA.  Consequently,  the  AEM  Program  Office  not  only  knew  what  the 
procurement  costs  were  going  to  be,  but  also  had  an  approved  program. 

Any  application  of  the  AEM  to  the  Air  Force  Space  Test  Program  would 
be  an  augmentation  for  the  AEM  program.  We  were  interested  in  includ¬ 
ing  the  AEM  in  this  study  not  only  because  of  its  potential  application, 
but  also  because  it  represented  a  base  case  for  our  relative  cost  and 
technology  analyses. 

The  initial  position  of  the  AEM  Program  Office,  described  above, 
changed.  After  initiation  of  this  study,  the  AEM  Program  Office  in¬ 
dicated  that  they  were  also  interested  in  the  application  of  a  larger 
diameter  AEM-type  spacecraft  that  would  be  shuttle-rcompatible.  This 
larger  spacecraft  was  viewed  by  NASA  as  a  small  MMS  (SMMS)  that  would  be 
the  follow-on  spacecraft  for  the  AEM.  The  introduction  of  this  space¬ 
craft  (L-AEM)  into  the  study  created  a  problem  with  respect  to  reporting 
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the  results  of  the  Initial  study.  The  difficulty  centered  around  the 
Air  Force  requirement  to  make  procurement  decisions  during  the  summer 
of  1976  for  the  spacecraft  that  would  be  used  on  the  initial  Air  Force 
shuttle  flight.  The  L-AEM  spacecraft  design  had  not  been  defined 
technically;  this  would  take  two  months  of  study  by  Boeing  and  would 

A 

thereby  postpone  the  Air  Force  decision  point. 

One  interest  of  the  AEM  Program  Office  in  having  the  L-AEM  design 
considered  in  the  Rand  case  study  was  based  on  the  hope  of  providing 
some  justification  for  initiating  the  SMMS  program,  albeit  for  Air 
Force  missions.  At  the  time  of  this  study,  the  AEM  Program  Office  had 
not  established  a  NASA  requirement  for  the  SMMS. 

As  indicated  in  Sec.  IV,  the  results  of  the  first  phase  of  the 
case  study  illustrated  that  a  spacecraft  having  some  of  the  characteris¬ 
tics  of  the  L-AEM  (the  upgraded  AEM)  would  be  part  of  the  preferred  pro¬ 
curement  option  for  the  Space  Test  Program  missions  (see  Table  12). 
Consequently,  it  was  our  feeling  that  consideration  of  the  L-AEM  space¬ 
craft  should  be  encouraged  because  it  offered  substantial  cost  savings 
for  the  Air  Force,  even  if  it  meant  postponing  the  midsummer  Air  Force 
procurement  decision. 

Air  Force  Space  Test  Program  Office 

The  Air  Force  Space  Test  Program  Office  had  for  several  years  con¬ 
tracted  for  individual  spacecraft  designed  to  handle  a  specific  set 
of  experiments.  This  involved  contracting  for  the  launch  vehicle, 
spacecraft  development,  and  payload  integration.  As  discussed  in 
Sec.  Ill,  its  interest  in  the  standard  spacecraft  approach  for  carry¬ 
ing  out  its  missions  centered  around  the  availability  of  the  space 
shuttle  and  the  possibility  of  realizing  substantial  budget  savings 
by  applying  its  low-cost  design  philosophy  to  a  standard  spacecraft 
design.  The  Space  Test  Program  Office  had  been  selected  for  one  of  the 
first  Air  Force  missions  to  fly  on  the  shuttle,  hence  its  critical 
schedule  problem  if  it  were  to  use  a  standard  spacecraft  design. 

NASA  funded  Boeing  during  the  spring  of  1976  to  make  a  preliminary 
design  for  the  L-AEM  spacecraft  and  to  estimate  its  cost  using  the  same 
approach  as  used  for  the  AEM  spacecraft. 


The  Air  Force  had  studied  the  standard  spacecraft  approach  for 

several  years  and  was  convinced  that  substantial  savings  could  be 

realized,  but  to  be  able  to  support  this  position  during  the  FY  77 

budget  review  it  needed  an  independent  economic  assessment,  hence 

* 

its  interest  in  having  the  Rand  study  supported.  The  AACB  panel 
on  unmanned  spacecraft  also  supported  the  need  for  an  economic  evalua¬ 
tion  of  the  various  standard  spacecraft  of  both  NASA  and  DoD  that 
might  be  applicable  for  the  Air  Force  Standard  Test  Program  missions. 

While  the  Space  Test  Program  Office  emphasized  throughout  the 
study  that  it  was  not  necessarily  interested  in  an  outcome  that  in¬ 
cluded  its  standard  spacecraft  design  (STPSS),  this  position  was,  to 
some  degree,  contrary  to  the  role  that  the  Space  Test  Program  Office 
had  played  in  carrying  out  its  missions  in  the  past.  As  indicated 
earlier,  it  had  been  involved  largely  in  funding  the  development  of 
its  own  spacecraft.  The  interaction  that  occurred  throughout  the  study 
verified  that  the  Air  Force  initial  emphasis  was  indeed  valid. 


Rand  Corporation 

There  were  several  motivations  for  Rand's  participation  in  this 
study.  First,  although  the  standard  spacecraft  procurement  decision 


Concurrent  with  the  Rand  study  of  the  standard  spacecraft,  but 
independent  of  it,  the  Air  Force  Space  Test  Program  Office  and  NASA 
Low-Cost  Systems  Office  jointly  funded  a  cost  study  with  Aerospace 
Corporation  that  compared  the  MMS  and  STPSS  for  one  of  the  upcoming 
missions,  i.e.,  the  Solar  Maximum  Mission  (SMM).(^)  The  spacecraft 
cost  estimating  approach  used  by  Aerospace  relied  upoir  the  SAMSO  cost 
model (29)  directly  without  adjusting  the  results  for  the  use  of  flight- 
proven  subsystems  or  other  low-cost  experience;  this  resulted  in  a 
unit  cost  for  the  MMS  about  twice  as  high  as  that  used  in  the  Rand  case 
study  (Fig.  6,  Sec.  IV).  Although  we  were  not  privileged  to  the  re¬ 
conciliation  of  these  divergent  cost  estimates  by  the  Air  Force  and 
NASA,  we  understand  that  the  Aerospace  cost  estimates  were  accepted 
as  being  very  conservative  and  could  be  considered  as  an  upper  bound, 
assuming  that  these  spacecraft  are  purchased  in  the  normal  manner  that 
other  DoD  spacecraft  are  purchased.  The  successful  experience  of  the 
Air  Force  Space  Test  Program  in  acquiring  individual  spacecraft  at  a 
cost  considerably  less  than  that  estimated  using  the  SAMSO  model  tends 
to  validate  the  magnitude  of  the  Rand  cost  estimates.  A  recent  check 
with  the  NASA  MMS  Program  Office  confirmed  that  the  industrial  cost 
proposals  for  the  development  and  production  of  the  three  major  systems 
of  the  MMS  are  in  fact  close  to  those  estimated  by  Rand. 
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was  not  a  major  factor  in  the  Air  Force's  role  in  carrying  out  its  na¬ 
tional  security  mission,  it  represented  a  decision  involving  several 
millions  of  dollars;  a  savings  of  a  few  percent,  especially  during  an 
era  of  tight  budgets,  would  make  more  funds  available  for  other  Air 
Force  projects.  Second,  the  study  was  in  an  area  where  Rand  had  rec¬ 
ognized  competence,  i.e.,  technological-economic  analyses  of  space 
systems,  and  the  objectivity  needed  to  evaluate  the  alternatives.  Fur¬ 
thermore,  the  availability  at  Rand  of  the  analytical  skills  needed  for 

the  study  made  it  possible  for  the  study  to  be  undertaken  within  a  very 
* 

short  time  frame.  Third,  as  is  the  case  in  many  studies,  Rand  s  par¬ 
ticipation  in  this  study  provided  the  opportunity  for  updating  and  ex¬ 
panding  our  cost  and  technical  data  bases  for  unmanned  spacecraft;  an 
area  that  clearly  has  become  the  main  Air  Force  and  NASA  approach  in 
space  research  and  operational  systems  since  the  near-term  prospects 
for  U.S.  manned  spaceflight  (except  for  the  space  shuttle)  have  dimmed 
from  what  they  were  during  the  1960s. 

ORGANIZATIONAL  INTERACTIONS  AFTER  THE  FIRST  PHASE  OF  THE  STANDARD 
SPACECRAFT  STUDY 

As  indicated  in  Sec.  IV,  the  first  phase  of  the  case  study  did 
not  include  the  Boeing-designed  L-AEM  spacecraft.  The  results  from 
this  phase  of  the  study  indicated  that  the  Air  Force's  preferred  pro¬ 
curement  option  consisted  of  a  combination  of  MMS  and  an  upgraded  AEM 
design.  If  the  upgraded  AEM  design  did  not  become  available,  as  de¬ 
scribed  in  Sec.  IV,  then  our  results  indicated  that  the  Air  Force  could 
pursue  the  development  of  its  STPSS  design  without  encountering  an 
economic  penalty. 

Armed  with  this  conclusion,  plus  a  healthy  skepticism  of  the  will¬ 
ingness  of  NASA  Cl)  to  provide  the  MMS  on  the  schedule  necessary  for 
meeting  the  Air  Force's  shuttle  flight  and  at  a  cost  approaching  that 
used  in  the  Rand  study,  and  (2)  to  upgrade  the  AEM  spacecraft  as  in¬ 
dicated,  the  Air  Force  Space  Test  Program  Office  sent  forward  through 


Although  the  study  took  eight  months  to  complete  because  of  the 
study  extension  (consideration  of  the  L-AEM),  the  Air  Force  needed  re¬ 
sults  within  four  months;  this  corresponded  to  the  end  of  the  first 


-89- 


Air  Force  Headquarters  to  NASA  a  Memorandum  of  Agreement  on  the  Pro¬ 
curement  of  USAF  Designated  Small  Multi-Mission  Modular  Spacecraft 
Systems  Between  the  National  Aeronautics  and  Space  Administration  and 
the  Department  of  Defense  (See  Appendix  J). 

This  memorandum  essentially  called  for  NASA  to  underwrite  the  de¬ 
velopment  of  the  SMMS  having  capabilities  compatible  with  the  Air  Force 
requirements  but  determined  jointly  by  NASA  and  DoD.  The  DoD  agreed 
to  purchase  a  block  of  the  SMMS  for  the  STP  missions,  paying  only  the 
recurring  costs  of  the  SMMS.  The  Air  Force  agreed  to  make  payments  to 
NASA  three  years  in  advance  for  subsequent  spacecraft  delivery.  The 
purpose  of  an  advance  payment  of  $1  million  was  to  relieve  NASA's  im¬ 
mediate  budget  problems  that  prevented  NASA  from  initiating  the  develop¬ 
ment  of  the  SMMS  with  FY  77  NASA  funds.  Such  a  delayed  development 
would  jeopardize  the  Air  Force  Space  Test  Program’s  initial  shuttle 
schedule. 

NASA's  rejoinder  to  the  Air  Force-proposed  Memorandum  of  Agreement 
stated  that  (1)  a  joint  NASA/ USAF  working  group  reviewing  the  SMMS  con¬ 
cluded  that  an  agreement  can  be  reached  on  a  set  of  joint  technical 
requirements;  (2)  NASA  is  in  no  position  to  initiate  the  SMMS  program 
because  NASA  mission  requirements  will  not  support  new-start  funding 
for  either  FY  77  or  FY  78;  and  (3)  based  on  the  results  of  the  first 
phase  of  the  Rand  study,  NASA  would  make  available  the  MMS  to  meet  the 
Air  Force's  March  1979  shuttle  launch  date,  and  would  consider  upgrading 
the  AEM  to  meet  the  Air  Force  requirement,  but  that  NASA  was  unable  to 
fund  such  a  modification.  It  should  be  noted  that  no  specific  mention 
was  made  about  the  Air  Force-proposed  advanced  funding  of  $1  million. 

As  of  September  1976,  the  Air  Force  was  not  intending  to  follow  up 

NASA’s  offer  because  NASA  apparently  was  not  willing  to  quote  a  price 

for  the  MMS  and  because  NASA's  offer  left  the  Air  Force  without  assurance 

that  the  upgraded  AEM  would  ever  be  developed  by  NASA.  In  the  latter 

case,  the  Air  Force  could  be  facing  a  total  program  cost  of  about  $100 

* 

million  more  than  if  the  upgraded  AEM  was  developed.  Given  a  procurement 


The  estimated  program  cost  for  the  MMS/upgraded  AEM  option  is  $146  . 
million,  as  compared  to  $222  million  for  the  pure  STPSS  option,  $263 
million  for  the  MMS  option,  or  $240  million  for  the  AEM/MMS  option  (see 
Sec.  IV,  Table  12). 


i 


-90- 


cost  of  this  magnitude,  the  pure  STPSS  option  would  appear  more  attrac¬ 
tive  to  the  Air  Force  simply  because,  as  an  Air  Force-run  program,  it 
minimizes  the  need  for  interagency  coordination. 

While  the  Air  Force  Memorandum  of  Agreement  was  clearly  an  effort 
to  gain  NASA's  commitment  to  provide  a  standard  spacecraft  capable  of 
meeting  the  Air  Force  requirements  and  schedule,  it  was  also  an  impor¬ 
tant  organizational  step  demonstrating  to  OMB  and  the  AACB  that  the 
Air  Force  was  not  necessarily  committed  to  developing  its  own  standard 
spacecraft,  providing  a  joint  NASA-DoD  agreement  could  be  reached.  The 
significance  of  this  bargaining  position  is  reflected  in  the  alteration 
in  NASA's  position  regarding  the  availability  of  new-start  funding  to 
support  the  development  of  the  SMMS.  As  mentioned  above,  NASA's  ini¬ 
tial  response  was  that  new  start  funding  would  not  be  available  until 
FY  79.  At  the  August  meeting  of  the  Unmanned  Spacecraft  Panel  of  the 
AACB  where  the  Air  Force  presented  its  requirements  and  support  for 
the  SMMS,  NASA's  response  was  that  new  start  funding  might  be  avail¬ 
able  in  FY  78 — one  year  earlier  chan  its  first  position — and  that 
interim  solutions  to  meet  the  Air  Force  needs  for  the  first  space  shuttle 
launch  were  being  examined. 

ORGANIZATIONAL  INTERACTIONS  AFTER  THE  FINAL  PHASE  OF  THE  STANDARD 
SPACECRAFT  STUDY 

As  indicated  in  Sec.  IV,  the  incorporation  of  the  L-AEM  spacecraft 

as  designed  by  Boeing  created  a  dominant  solution  for  the  Air  Force 

Space  Test  Program  missions  that  used  the  L-AEM  spacecraft  and  drastically 

altered  the  results  of  the  first  phase  of  the  study  by  eliminating  the 

MMS  from  the  preferred  procurement  option.  While  this  result  had  little 

* 

impact  on  the  progress  of  the  MMS  program,  it  provides  the  AEM  Program 
Office  with  some  justification  for  the  early  start  of  a  new  spacecraft 
development.  Unfortunately,  NASA  had  already  taken  a  negative  position 
on  the  SMMS  (or  L-AEM),  as  discussed  earlier,  and  the  AEM  Program  Office 
was  somewhat  concerned  about  the  suitability  of  the  L-AEM  design.  As  it 


During  the  summer  of  1976,  the  approval  for  the  MMS  Program  Office 
to  secure  proposals  for  the  three  major  subsystems  was  forthcoming. 

While  use  of  the  MMS  by  the  Air  Force  would  have  been  beneficial  for  the 
MMS  Program  Office,  it  was  not  essential. 


turns  out,  NASA  had  agreed  to  the  Air  Force  specifications  for  the  L-AEM 
design  without  apparently  realizing  that  the  resultant  Boeing  design 
might  resemble  the  STPSS  design  rather  than  reflecting  the  AEM  heritage 
as  an  upgraded  AEM.  Consequently,  even  the  AEM  Program  Office  was  not 
interested  in  pursuing  the  development  of  the  L-AEM  as  specified  by 
Boeing. 

As  for  the  Air  Force,  the  similarity  of  the  L-AEM  spacecraft  to 
the  STPSS  has  reintroduced  the  possibility  that  the  Space  Test  Program 
Office  should  develop  its  own  standard  spacecraft,  especially  since  NASA 
was  reluctant  to  pursue  the  development  of  the  SMMS  or  L-AEM  without 
first  justifying  it  for  NASA  missions.  Following  the  conclusion  of  the 
Rand  study,  the  Air  Force  Space  Test  Program  Office  issued  a  request  for 
proposals  for  the  spacecraft  to  support  its  first  shuttle- launched 
missions.  Whether  or  not  the  spacecraft  designs  for  these  missions  will 
represent  the  beginning  of  an  Air  Force  standard  spacecraft  design  must 
await  the  outcome  of  a  number  of  future  Air  Force  decisions.  For  example, 
the  Air  Force  has  informed  the  contractors  bidding  on  the  spacecraft  for 
their  next  two  Space  Test  Program  missions  that  the  criteria  for  evaluating 
their  proposals  will  include  special  credit  for  designs  that  reflect  evidence 
of  standardization.  While  the  value  of  this  additional  credit  was  not 
available  to  Rand,  it  is  not  exactly  clear  how  much  of  a  spacecraft  weight 
and  cost  penalty  the  contractors  are  willing  to  risk  to  provide  the  excess 
performance  capability  needed  for  a  standard  spacecraft  design.  Furthermore, 
Boeing,  the  designer  of  both  the  AEM  and  L-AEM,  is  reexamining  its  corporate 
position  on  continuing  to  design  and  develop  unmanned  spacecraft.  In  any 
event,  it  appears  that  the  possibility  of  procuring  NASA  spacecraft  for 
the  Air  Force  Space  Test  Program  will  be  determined  on  an  individual  basis 
and  will  certainly  depend  on  whether  the  Air  Force  follows  a  procurement 
strategy  that  evolves  into  a  standard  spacecraft  of  its  own  design. 

SPACE  SHUTTLE-RELATED  ORGANIZATIONAL  PROBLEMS 

Aside  from  the  spacecraft  procurement  issue,  the  Rand  case  study 
touched  on  a  couple  of  space  shuttle-related  issues.  Beginning  in  1980, 
the  Air  Force  is  committed  to  the  use  of  the  space  shuttle  as  its  pri¬ 
mary  launch  vehicle.  While  the  Air  Force  has  considered  the  procurement 
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of  two  shuttles  for  its  own  use,  it  appears  at  this  time  that  the  Air 
Force  will  mainly  contract  for  NASA  to  launch  Air  Force  payloads  on¬ 
board  NASA-operated  shuttles.  For  many  Air  Force  missions  this  will 
simply  mean  flying  aboard  a  shuttle  dedicated  exclusively  to  Air  Force 
payloads.  For  others,  such  as  the  Space  Test  Program  missions,  the 
shuttle  will  be  shared  with  non-Air  Force  payloads.  In  these  cases, 
the  issue  of  prorating  the  cost  of  the  shuttle  will  be  important.  As 
discussed  in  Sec.  IV,  a  variety  of  shuttle  tariff  formulas  were  evalu¬ 
ated  to  determine  their  impact  on  the  procurement  option  selection. 

While  the  shuttle  tariff  formulas  examined  in  this  study  did  not  sub¬ 
stantially  affect  the  procurement  option  selection,  they  did  represent 
a  large  impact  on  the  absolute  cost  of  carrying  out  the  Air  Force  Space 
Test  Program  missions.  And  of  particular  interest  to  the  Air  Force  was 
that  none  of  the  NASA  shuttle  tariff  schedules  dealt  with  the  secondary 
payload  concept.  As  mentioned  in  Sec.  IV,  this  concept  involved  not 
specifying  the  mission  inclination,  altitude,  or  launch  time  and  select¬ 
ing  a  spacecraft  design  that  would  fit  into  a  nonprimary  payload  portion 
of  the  shuttle  bay.  Given  these  characteristics,  the  Air  Force  Space 
Test  Program  Office  felt  that  some  compensation  should  be  Incorporated 
in  the  NASA  shuttle  tariff  schedule;  however,  no  such  compensation  was 
ever  made,  and  it  appears  from  the  latest  NASA  shuttle  tariff  schedule 
available  at  the  time  of  this  study  that  it  will  not  be  part  of  the 
agreed-upon  shuttle  operation. 

The  second  shuttle-related  issue  involved  the  loss  of  program 
control  that  the  Air  Force  expects  as  a  result  of  the  conversion  to 
the  use  of  the  shuttle  for  launching  its  space  payloads.  As  indicated 
in  Sec.  II,  the  DoD,  from  the  beginning  of  the  U.S.  space  program,  has 
been  deeply  Involved  in  launch  vehicle  development  and  the  operation  of 
the  vehicles  for  the  purpose  of  placing  payloads  into  orbit.  The  Air 
Force  provided  launch  services  for  NASA  for  many  years.  With  the  advent 
of  the  space  shuttle,  the  DoD  will  relinquish  one  additional  component 
of  its  role  in  the  space  program;  it  will  no  longer  be  responsible  for 
launching  its  own  payloads  into  orbit.  For  the  Air  Force  Space  Test 
Program  Office,  this  transition  carries  with  it  the  feeling  of  loss  of 
program  control.  Not  only  will  NASA  operate  the  shuttle,  but  it  will 


also  evaluate  whether  or  not  adequate  testing  has  been  accomplished  to 
make  the  payload  safe  for  shuttle  operation,  hence  the  feeling  of  direct 
invasion  into  the  Air  Force  development  program.  Furthermore,  one  ob¬ 
jective  of  the  Space  Test  Program  has  been  to  shorten  the  time  delay 
between  deciding  to  conduct  an  experiment  and  getting  the  results  from 
the  experiment.  With  the  NASA  shuttle  in  the  loop,  this  delay  time  not 
only  promises  to  be  longer  than  if  expendable  boosters  were  used,  but 
the  length  of  the  delay  is  largely  a  function  of  NASA  rather  than  the 
Air  Force. 

ORGANIZATIONAL  FACTORS  AFFECTING  THE  SUCCESSFUL  COMPLETION  OF 
THE  CASE  STUDY  "  ~  ' 

In  retrospect,  a  number  of  organizational  factors  affected  the 

& 

successful  completion  of  the  procurement  analysis  of  the  Air  Force 
standard  spacecraft  decision.  Of  these,  the  principal  factors  include 
(1)  the  acceptance  of  Rand's  credibility,  (2)  the  ripeness  of  the  Air 
Force  procurement  decision,  (3)  the  tractability  of  the  study,  and 
(4)  the  short  schedule  and  low  budget  constraints.  Each  of  these  is 
briefly  discussed  below. 

Acceptance  of  Rand's  Credibility 

From  the  outset  of  this  study  both  NASA  and  the  Air  Force  felt 
that  Rand  met  the  criteria  for  the  type  of  organization  that  could 
produce  the  independent,  objective,  and  sound  study  needed  for  guiding 
their  procurement  decisions.  They  selected  Rand  on  a  sole-source  basis. 
It  is  recognized  that  this  may  have  been  a  self-serving  acceptance 
given  the  underlying  motivations  of  both  NASA  and  the  Air  Force  to  use 
the  results  as  a  basis  for  justifying,  at  least  partly,  their  future 
course  of  action  within  their  own  organizations  and  with  the  OMB  and 
the  AACB.  Even  so,  the  reliance  of  NASA  and  the  Air  Force  on  Rand  for 
this  study  implied  a  willingness  to  defend  this  choice  to  Congress, 
the  OMB,  and  the  AACB.  Regardless  of  whether  the  motivation  w«*s  self- 
serving  or  not,  the  NASA  and  Air  Force  acceptance  o^f  Rand  provided 


See  footnotes  on  pp.  2  and  5. 
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the  basis  for  a  cooperative  working  relationship  at  all  levels.  It  also 
yielded  an  understanding  of  the  impact  of  the  time  and  budget  constraints, 
a  number  of  productive  informal  progress  review  sessions,  and  expedient 
resolution  of  problems  having  to  do  with  data,  ground  rules,  and  other 
inputs. 

Ripeness  of  the  Air  Force  Procurement  Decision 

At  the  outset  of  this  study  it  was  quite  apparent  that  the  Air  Force 
Space  Test  Program  Office  was  on  the  verge  of  making  a  procurement  deci¬ 
sion  to  buy  or  develop  a  standard  spacecraft.  There  were  several  reasons 
for  this  impression.  First,  the  Space  Test  Program  Office  is  an  operat¬ 
ing  office  having  the  responsibility  of  providing  spacecraft  for  experi¬ 
mental  missions.  Second,  the  Air  Force  had  selected  the  Space  Test  Pro¬ 
gram  Office  for  one  of  the  first  Air  Force  payloads  to  fly  on  the  space 
shuttle  (Orbital  Flight  Test  -5).  The  schedule  for  this  shuttle  flight 
would  require  a  FY77  spacecraft  procurement  decision.  Third,  its  past 
experience  with  designing  low-cost  spacecraft  had  been  noticeably  suc¬ 
cessful  and  had  influenced  NASA's  AEM  and  MMS  programs.  The  application 
of  this  experience  to  the  STPSS  tended  to  support  its  position  that  a 
low-cost  standard  spacecraft  was  the  approach  to  follow  during  the  space 
shuttle  era. 

Under  these  circumstances,  it  was  not  surprising  that  the  Space  Test 
Program  Office  was  anxious  to  move  forward  with  the  study  regardless  of 
whether  or  not  the  preferred  procurement  option  included  the  STPSS.  This 
contributed  to  the  Air  Force  cooperation  and  interest  in  the  study. 

Tractability  of  the  Problem 

Although  this  case  study  included  a  wide  variety  of  uncertainties 
that  ranged  from  the  spacecraft  descriptions  to  the  space  shuttle 
launch  costs,  it  had  the  characteristics  of  a  problem  that  could  be 
handled  using  conventional  analytic  methods.  Because  of  these  uncer¬ 
tainties,  one  of  the  largest  risks  that  threatened  the  study  was  as¬ 
sociated  with  having  the  results  be  overwhelmed  by  the  magnitude  of  the 
uncertainties  so  that  no  guidance  could  be  given.  The  other  major  risk 
had  to  do  with  becoming  so  involved  in  the  details  of  the  spacecraft 
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design,  mission  model,  cost  estimating  relationships,  etc.,  in  order  to 
minimize  the  uncertainties,  that  guidance  for  the  procurement  option 
would  not  be  provided.  Recognition  of  these  extreme  outcomes  at  the 
beginning  of  the  case  study  provided  the  guidance  and  assurance  that 
the  study  direction,  while  oscillating  between  micro  and  macro  analyses, 
would  not  deviate  to  either  extreme  at  the  expense  of  the  other. 

Short  Schedule  and  Low  Budget  Constraints 

The  schedule  and  budget  constraints  were  both  a  problem  and  an  asset. 
The  problem  centered  on  managing  the  study  so  that  it  remained  sufficiently 
focused  to  allow  the  study  to  be  completed  within  the  time  and  budget 
limitations  and  yet  broad  enough  to  assure  that  the  conclusions  were  valid. 

An  example  of  this  focusing  problem  is  the  initial  concern  for  the 
technological  comparability  of  the  various  standard  spacecraft.  The 
Air  Force  had  not  had  an  opportunity  to  examine  in  detail  the  MMS 
technology  but  felt  that  because  of  its  greater  performance  and  its 
being  designed  for  in- space  servicing,  it  might  incorporate  substan¬ 
tially  more  advanced  technology  than  that  being  used  in  the  STPSS.  The 
inclusion  of  the  AEM  in  the  study  was  encouraged  because  it  represented 
a  spacecraft  with  known  cost  and  technology  and  thereby  serves  as  a 
benchmark  for  assessing  the  technologies  employed  in  the  STPSS  and  MMS. 

To  explore  this  uncertainty  concerning  the  relative  technology  of  the 
various  spacecraft,  a  relatively  large  portion  of  the  budget  was  expended 
on  technology  assessments  and  comparisons  of  the  spacecraft  subsystems 
(Appendixes  B  to  G).  It  turned  out  that  this  assessment  demonstrated  that 
all  of  the  spacecraft  designs  drew  on  essentially  the  same  technological 
base,  thus  simplifying  the  problem  of  estimating  the  relative  cost  for  the 
spacecraft.  Conceivably,  the  large  expenditure  of  resources  on  the 
technology  assessment  could  have  left  the  project  with  a  misallocated 
budget,  but  in  fact  it  turned  out  the  added  understanding  of  the  tech¬ 
nological  limitations  and  operations  of  each  of  the  spacecraft  designs 
provided  the  basis  for  many  of  the  spacecraft  configuration  excursions. 

It  vas  through  these  excursions  that  the  principal  conclusion  of  the 
study  surfaced. 
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As  a  result  of  the  need  to  focus  the  study  because  of  the  time  and 
budget  constraints,  a  number  of  Interesting  related  studies  were  not 
undertaken.  For  example,  the  following  studies  were  never  addressed: 

(1)  Whether  the  continued  use  of  expendable  boosters  was  a 
reasonable  alternative  to  the  use  of  the  space  shuttle; 

(2)  Whether  specialized  spacecraft  would  be  competitive,  cost- 
wise,  with  standard  spacecraft; 

(3)  Whether  the  inclusion  of  a  NASA  mission  model  would  have 
altered  the  preferred  procurement  option; 

(4)  Whether  the  payload  Integration  costs  associated  with  doubling 
the  maximum  number  of  payloads  per  spacecraft  would  exceed  the 
operational  savings;  and 

(5)  Whether  standard  spacecraft  could  be  used  for  Air  Force 
operational  missions. 

On  the  asset  side,  the  short  time  frame  and  low  budget  reduced  the 
problem  of  keeping  the  clients'  interest.  This  was  the  case,  at  least, 
for  the  first  phase  of  the  study  that  lasted  four  months.  Because  of 
this,  many  of  the  normal  procedural  functions  were  streamlined,  and  the 
interactions  with  the  clients  were  informal  and  oriented  toward  eliminating 
bottlenecks  and  providing  the  necessary  guidance  and  inputs  for  the  study 
to  go  forward.  There  was  a  commitment  by  both  the  clients  and  Rand  to 
carry  out  the  study  as  planned. 

This  cooperation  and  commitment  began  to  wane  for  a  number  of  reasons 
after  the  first  phase  of  the  study  was  completed.  First,  the  introduction 
of  the  L-AEM  into  the  study  was  initiated  as  a  unilateral  NASA  decision 
prior  to  the  completion  of  the  first  phase.  Rand's  response  attempted  to 
retain  the  study  unity  between  NASA  and  the  Air  Force  by  sponsoring  the 
inclusion  of  the  L-AEM  in  the  study  on  the  basis  that  it  reflected  an 
attempt  to  accomplish  the  upgrading  of  the  AEM  that  we  had  recommended. 

At  the  same  time,  we  encouraged  the  formulation  of  a  NASA-Air  Force 

joint  set  of  specifications  for  the  L-AEM  and  that  any  such  extension  j 

of  the  study  be  agreed  upon  by  both  NASA  and  the  Air  Force.  Although 

a  set  of  joint  specifications  emerged  for  the  L-AEM  and  the  NASA-Air 
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Force  interface  was  retained,  there  was  a  subtle  shift  in  sponsorship 
from  the  Air  Force  Space  Test  Program  Office/MMS  Program  Office  to 
the  AEM  Program  Office  during  the  two  months  between  the  first  and 
second  phases  of  the  study.  This  seemed  to  negatively  affect  the 
participation  of  the  Air  Force  Space  Test  Program  Office.  In  addi¬ 
tion,  a  NASA  GSFC  reorganization  during  this  period  affected  the 
leadership  of  the  AEM  Program  Office  and  resulted  in  a  reassignment 
to  NASA  headquarters  of  the  project  monitor  in  the  AEM  Program  Office. 
As  mentioned  earlier,  the  MMS  Program  Office  interest  in  the  study 
also  decreased  after  the  completion  of  the  first  phase  of  the  study 
because  the  results  had  been  favorable  to  the  MMS,  i.e.,  tended  to 
validate  the  MMS  cost  estimates  and  included  the  MMS  in  the  preferred 
procurement  option,  and  because  there  were  no  inputs  required  from 
the  MMS  Program  Office  for  the  second  phase.  As  a  consequence,  the 
Rand-client  interaction  was  substantially  different  for  the  two 
phases  of  the  study.  Clearly,  it  would  have  been  more  desirable  for 
the  study  to  have  collapsed  the  two  phases  into  one  continuous  study. 
To  do  this  would  have  meant  delaying  the  Air  Force  inputs  to  the  FY  77 
budget  process;  the  penalty  for  doing  this  was  uncertain  at  the  time. 
In  retrospect,  it  appears  that  such  a  delay  could  proably  have  been 
accepted  with  a  minimum  penalty. 


VI.  APPLYING  THE  NASA-DOD  COOPERATION  EXPERIENCE  TO  OTHER  SITUATIONS: 

PROSPECTS  AND  PROBLEMS 


Section  II  traced  the  evolution  of  NASA  and  DoD  cooperation  in 
space  activities  from  the  development  of  President  Eisenhower's  space 
policies  during  the  pre-  and  poat-Sputnik  era  through  the  mid-1960s. 

The  cost  and  organizational  implications  of  DoD  utilization  of  NASA 
standard  spacecraft  designs  for  the  Space  Test  Program  missions  were 
investigated  using  a  case  study  approach  in  Secs.  Ill  and  IV.  The 
case  study  examined  the  process  of  NASA-DoD  cooperation  in  one  area. 

This  cooperation  benefited  from  experiences  gained  during  nearly  20 
years  of  NASA-DoD  Interaction. 

In  a  variety  of  situations,  it  is  often  hypothesized  that  improved 
cooperation  between  agencies  having  overlapping  areas  of  responsibility 
or  between  nations  having  similar  interests  will  lead  to  increased 
economic  efficiency.  Such  cooperation  is  considered  especially  impor¬ 
tant  during  periods  of  tight  financial  (budgetary)  constraints,  where  it 
is  often  seen  as  a  means  of  sharing  the  costs  and  risks  associated  with 
a  specific  project.  Over  the  years,  numerous  attempts  have  been  made 
to  establish  cooperative  relationships  among  agencies  or  nations,  with 
varying  degrees  of  success.  In  general,  the  more  successful  coopera¬ 
tive  arrangements  involved  a  specific  project  and  were  for  a  few  par¬ 
ticipants  (agencies  or  countries)  or  for  a  short  time.  Examples  include 
the  Concorde  aircraft  oo-development  and  co-production  by  France  and 
England,  the  Apollo-Soyuz  rendezvous  project  between  the  USSR  and  the 
United  States,  and  the  European  cooperation  on  the  space  shuttle  program 
(which  has  finally  centered  on  the  Space  Lab  Module  after  many  aborted 
attempts  at  much  more  extensive  participation).  In  contrast,  the 
NASA-DoD  cooperation  cited  in  this  study  is  unusual  because  it  has 
dealt  with  a  broad  spectrum  of  projects  and  problems  and  has  been  in 
effect  for  over  15  years. 

In  this  section,  NASA-DoD  cooperation  is  reexamined  for  lessons 
that  might  facilitate  future  interagency  cooperation  in  other  situa¬ 
tions.  This  is  done  first  by  reviewing  the  NASA-DoD  cooperation 
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experience  and  by  identifying  two  major  categories  of  factors  that 
appear  to  be  essential  for  the  NASA-DoD  successful  experience.  Next, 
the  difficulty  of  achieving  an  effective  organizational  structure  to 
support  interagency  cooperation,  even  when  these  two  essential  categories 
of  factors  are  present,  is  illustrated  by  the  review  of  the  NASA-DoD 
relationship  and  by  recounting  the  problems  encountered  in  applying  the 
apparently  successful  NACA  cooperation  model  to  NASA. 

Finally,  two  possible  situations  where  interagency  or  international 
cooperation  appears  to  be  important  are  briefly  examined  as  candidates 
for  testing  the  applicability  of  the  NASA-DoD  experience.  It  should  be 
noted  that  this  examination  is  not  meant  to  do  justice  to  a  topic  which 
requires  extensive  analysis,  but  rather  is  intended  to  illustrate  the 
need  for  a  future  study  to  specifically  examine,  in  detail,  the  experi¬ 
ence  of  a  number  of  different  cooperative  arrangements.  One  purpose 
for  such  research  would  be  to  Identify  the  factors  contributing  to 
successful  cooperative  agreements  within  a  variety  of  contexts.  Such 
a  study  would  require  significant  additional  research  and  is  outside 
the  scope  of  this  dissertation. 

NASA-DOD  COOPERATION  EXPERIENCE 

The  two  primary  categories  of  factors  contributing  to  the  continuing 
success  of  NASA-DoD  cooperation  in  space  activities  have  been  Cl)  a  com¬ 
mon  subset  of  missions  and  resources— manpower ,  data,  spacecraft,  launch 
vehicles,  facilities,  etc.— where  cooperation  was  possible  and  desirable; 
and  (2)  a  common  organizational  responsibility  to  the  Executive  Branch 

(the  President  and  the  Bureau  of  the  Budget) ,  which  in  turn  was  respon- 

* 

slble  to  the  Congress. 

In  the  NASA-DoD  case,  a  large  subset  of  common  Interests  and  objec¬ 
tives  provided  natural  areas  for  cooperation,  be  it  in  areas  of  manpower, 
launch  vehicles,  spacecraft,  or  data.  The  similarity  of  interests 
provided  various  cooperative  arrangements  in  the  form  of  joint  projects. 


The  Congressional  responsibility  for  overseeing  NASA  and  DoD 
space  activities  rested  mainly  with  the  permanent  committees  in  the 
House  of  Representatives  and  the  Senate  (Sec.  II,  p.  19). 


shared  hardware  and  facilities,  and  common  management  and  procurement 
procedures.  However,  even  where  the  interests  were  common,  it  was  not 
easy  to  achieve  a  high  degree  of  cooperation.  The  inclination  to  create 
separate  management  procedures  was  as  strong  as  the  desire  to  build 
separate  facilities  and  support  organizations. 

Congress  recognized  the  potential  for  NASA  and  DoD  to  create  dupli¬ 
cate  capabilities,  and  thus  specified  in  the  Space  Act  of  1958  that... 
in  order  to  keep  the  costs  of  the  U.S.  Space  program  as  low  as  possible, 
unnecessary  duplication  of  effort ,  facilities ,  and  equipment  should  be 
avoided  by  close  cooperation  among  Federal  agencies....  This  statement 

of  Congressional  intent,  along  with  the  provision  for  organizational 
* 

arrangements  to  oversee  the  NASA-DoD  relationship,  provided  the  legis¬ 
lative  basis  for  such  cooperation. 

Even  with  these  factors,  it  took  four  to  five  years  before  the  or¬ 
ganizational  structure  for  cooperation  was  developed  and  institution¬ 
alized  as  part  of  the  NASA  and  D  •U  standard  operating  procedure.  Sit¬ 
uations  that  do  not  include  these  two  categories  of  factors  could 
expect  to  encounter  possibly  even  more  difficulty  in  establishing  a 
cooperative  relationship. 

THE  DIFFICULTIES  OF  TRANSFERRING  NACA  EXPERIENCE  TO  NASA 

The  transferral  of  organizational  experience  from  one  situation 
to  another  is  generally  much  more  difficult  than  anticipated.  For 
instance,  during  the  debate  between  Congress  and  the  Executive  Branch 
on  the  formulation  of  NASA,  it  was  often  suggested  that  the  experience 
of  the  National  Advisory  Committee  for  Aeronautics  (NACA)  was  directly 
applicable  to  the  new  space  agency  and  should  be  used  as  an  organiza¬ 
tional  model  for  NASA.  In  1959,  NACA,  employing  8000  scientists, 
engineers,  and  other  personnel  and  operating  several  major  research 
and  testing  facilities,  had  already  demonstrated  many  years  of  service 
to  the  aircraft  industry  and  the  military  services.  In  1952  it  began 
to  study  the  mechanics  and  problems  of  space  flight  and  was  the  agency 
responsible  for  such  technical  contributions  as  the  blunt  nose  design 
_ 

The  Civilian  Military  Liaison  Committee  (CMLC)  and  the  National 
Aeronautics  and  Space  Council. 
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for  ICBM  reentry  vehicles  and  the  X-15  experimental  rocket-propelled 
aircraft.  It  had  a  long  history  of  cordial  relationships  and  coopera¬ 
tion  with  the  Department  of  Defense,  as  well  as  with  other  governmental 
agencies.  Its  main  interaction  with  other  agencies  had  been  through 
its  advisory  capacity  and  the  coordination  of  all  the  scientific 
work  in  aviation  in  the  government.  Dr.  Hugh  L.  Dryden,  Director  of 
NACA  in  1958,  viewed  its  main  function  as  "a  coordinating  body."^^ 

It  was  organized  to  do  this  mainly  through  the  17-member  Advisory 
Committee  and  the  five  major  and  22  subordinate  committees.  The 
membership  of  these  committees  and  subordinate  committees  was  drawn 
from  experts  in  industry,  government,  and  military  departments. 

NACA  functioned  as  a  permanent,  independent  agency  in  the  Executive 
Branch,  reporting  directly  to  the  President  and  requiring  his  super¬ 
vision. 

President  Eisenhower,  in  his  proposed  legislation  for  NASA,  saw 
NASA  functioning  in  much  the  same  capacity  and  way  in  the  space  arena 
that  NACA  had  functioned  in  aviation.  This  accounted  partly  for  his 
decision  not  to  provide  machinery  for  resolving  disputes  short  of 
Presidential  involvement.  The  opposing  view  was  based  primarily  on 
the  observation  that  continued  cooperation  could  not  be  assumed,  as 
NASA  was  to  be  a  new  operating  agency  with  broadened  functions  and 
scope,  whereas  NACA  had  been  primarily  a  research  agency.  And, 

as  such,  NACA  lacked  the  tradition  of  directing  and  coordinating 
major  programs.  To  inculcate  a  spirit  of  decisionmaking  in  an  organi¬ 
zation  that  has  lived  and  thrived  on  a  tradition  of  peaceful  advice¬ 
giving  would  be  very  difficult.  The  expectation  was  that  the  inevitable 
commingling  of  civilian  and  military  in  the  space  field  would  create 

(13) 

areas  of  conflict  requiring  organizational  machinery  for  resolution. 

As  it  materialized,  the  organizational  viewpoint  of  neither  the 
Administration  nor  the  Congress  was  entirely  correct  for  NASA.  Congress 
was  correct  in  its  assessment  that  organizational  machinery  was  needed 
to  resolve  conflicts  and  to  ensure  coordination  between  DoD  and  NASA. 

The  Administration  was  correct  in  its  assessment  that  working-level 
coordinating  boards  could  adequately  provide  the  interaction  needed 
to  solve  interagency  problems.  As  described  earlier  in  this  section. 


both  were  also  wrong  in  important  ways  which  contributed  to  the  four 
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to  five  years  before  the  NASA-DoD  coordination  machinery  really  began 
functioning  as  it  has  for  the  past  10  to  12  years. 

POSSIBLE  RESEARCH  AREAS 

Although  it  is  difficult  to  successfully  transfer  past  organiza¬ 
tional  experience  to  new  situations,  as  demonstrated  above,  it  is  also 
important  to  thoroughly  examine  applicable  experience  and  apply  it  where 
appropriate.  But  caution  and  considerable  additional  research  should 
guide  any  attempt  to  apply  NASA-DoD  experience  with  coordination 
machinery  to  other  situations.  Thus,  this  section  merely  attempts  to 
identify  several  situations  where  improved  interagency  or  international 
cooperation  may  be  particularly  important  and  suggests  a  study  approach 
for  these  situations. 

One  prospective  situation  where  improved  cooperation  may  be  advan¬ 
tageous  is  between  the  new  Department  of  Energy  and  other  U.S.  govern¬ 
mental  agencies  whose  activities  affect  the  U.S.  energy  policy.  For 
instance,  the  Department  of  Transportation,  Environmental  Protection 
Agency,  Department  of  the  Interior,  NASA,  and  DoD  will  all  interact  with 
the  Department  of  Energy.  In  this  situation,  the  motivation  for  coordi¬ 
nation  machinery  would  be  to  resolve  conflicting  policies  and  jurisdic¬ 
tional  questions  as  well  as  to  minimize  duplication  of  effort  or  to 
make  new  programs  possible  through  joint  efforts.  Because  of  the  dif¬ 
ferent  perspectives  and  possibly  conflicting  legislative  directives  of 
these  agencies,  it  is  conceivable  that' — without  proper  interagency  coopera¬ 
tion — conflicts  counterproductive  to  some  broader  objectives  of  the 
United  States  could  arise. 

Without  carrying  out  an  extensive  analysis  of  the  transferability 
of  the  NASA-DoD  experience  with  Interagency  coordination,  it  appears 
that  this  situation  contains  only  one  of  the  two  principal  factors 
identified  as  being  important  for  the  NASA-DoD  success— that  all  of 
these  agencies  have  a  common  authority,  i.e..  Congress  and  the  Execu¬ 
tive  Branch.  The  missing  factor  is  that  these  agencies  do  not  produce 
a  common  specific  output  (data,  missions,  projects,  etc.)  whose  value 
can  be  measured  directly,  but  rather  the  output  of  the  Department  of 
Energy  is  expected  to  be  plans,  services,  and  policy  directives  for 
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the  nation  and  other  governmental  agencies.  Consequently,  it  does  not 
appear  that  the  NASA-DoD  experience  can  be  applied  directly  without 
additional  research. 

If  such  a  research  project  were  to  be  undertaken,  one  of  the  first 
tasks  would  involve  a  careful  analysis  of  enabling  legislation  of  the 
Department  of  Energy  and  other  relevant  governmental  agencies  to  iden¬ 
tify  the  provision  for  cooperation,  to  assess  the  potential  success  and 
motives  for  cooperative  efforts,  and  to  identify  areas  where  changes 
could  be  made  to  enhance  cooperation.  Another  task  of  this  research 
project  would  be  a  broad  study  of  cases  where  long-term  interagency 
cooperation  has  been  attempted.  The  cases  Included  should  be  relevant 
to  the  areas  and  types  of  cooperation  that  the  Department  of  Energy 
might  be  involved  in  as  its  program  progresses.  Given  the  results  of 
the  analysis  of  past  experience  with  interagency  cooperation  and  the 
assessment  of  cooperation  requirements  as  seen  by  the  Department  of 
Energy,  a  first-order  matching  of  lessons,  experience,  and  "need"  could 
take  place.  A  more  detailed  analysis  of  the  areas  where  a  match  occurs 
or  does  not  occur  could  lead  to  the  selection  of  the  organizational 
structure  and  operating  procedures  to  support  cooperation  between  the 
Department  of  Energy  and  other  governmental  agencies. 

Another  situation  where  cooperation  appears  to  be  important  is  in 
the  international  arena  of  bilateral  and  multinational  weapons  acquisi¬ 
tion  programs.  There  seems  to  be  both  political  and  economic  pressures 
influencing  DoD  to  get  more  deeply  involved  in  such  programs.  The 
effective  participation  of  DoD  in  such  agreements  will  depend  on 
establishing  a  basis  for  coordinating  and  cooperating  with  the  countries 
and  industries  Involved  in  the  agreements. 

This  situation  contains  only  one  of  the  two  principal  factors  iden¬ 
tified  as  being  important  to  the  NASA-DoD  long-term  successful  cooperation. 
In  this  instance,  the  factor  is  the  production  of  a  common  product  where  a 
joint  effort  might  yield  economic  benefits  to  the  countries  involved  in 
the  co-production  or  co-development  agreement.  But  the  other  essential 
factor  is  absent  in  this  situation:  There  is  no  authority  common  to  all 
participants.  Thus,  the  direct  transferral  of  the  NASA-DoD  experience  to 
this  situation  appears  to  be  inappropriate  without  further  analysis. 


However,  a  considerable  body  of  experience— both  good  and  bad — 
has  been  gained  with  a  similar  attempts  to  undertake  co-production  and 
co-development  programs.  The  organizational  content  of  such  experiences 
should  be  evaluated  as  an  input  to  the  formulation  of  a  decision  crite¬ 
rion  for  DoD’s  participation  in  future  multinational  procurement  pro¬ 
grams.  A  large  number  of  case  studies  are  available:  the  Multi-Role 
Combat  Aircraft,  the  A-300  airbus,  the  Concorde,  the  MBT-70  tank,  the 
space  shuttle  laboratory  module,  the  F-16,  and  the  INTELSAT  communications 
satellite.  In  analyzing  this  experience,  one  should  attempt  to  identify 
the  various  approaches  used  to  ensure  the  cooperation  and  the  principal 
factors  of  each,  and  to  assess  the  contribution  of  these  factors  to  the 
success  or  failure  of  the  cooperative  effort. 

In  summary,  neither  of  the  situations  (cited  above  as  potentially 
interesting  areas  where  either  interagency  or  International  cooperation 
is  important)  satisfies  both  of  the  essential  categories  of  factors 
underlying  the  successful  experience  with  cooperation  between  NASA  and 
DoD.  Consequently,  the  NASA-DoD  experience  does  not  seem  to  apply 
directly;  however,  the  first  step  in  the  research  approach  outlined  for 
both  situations  suggests  the  applicability  of  the  organizational  analysis 
presented  in  this  report  for  the  NASA-DoD  situation  to  a  variety  of  other 
situations  where  interagency  or  international  cooperation  has  been  a 
major  component.  To  the  extent  that  the  NASA-DoD  experience  contributes 
to  this  body  of  knowledge  in  interagency  cooperation,  it  can  be  directly 
useful  for  these  new  situations. 
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Appendix  A 
ESTIMATES  OF  COST 
by 

J.  P.  Large 


Spacecraft  traditionally  have  been  very  expensive  to  produce  be¬ 
cause  of  stringent  weight  and  performance  requirements,  heavy  emphasis 
on  reliability,  and  small  production  quantities.  Various  parametric 
cost-estimating  models  have  been  developed  from  experience  over  the 
past  15  or  so  years,  and  those  models  reproduce  the  cost  of  the  tra¬ 
ditional  spacecraft  with  acceptable  accuracy.  Initially,  it  was 
thought  that  such  a  model  could  be  used  to  estimate  the  costs  of  the 
AEM,  L-AEM,  STPSS,  and  MMS.  Such  a  model  would  have  insured  cost- 
comparability  among  them,  perhaps  at  the  sacrifice  of  absolute  accuracy 
in  some  instances. 

It  developed,  however,  that  models  based  on  15  years  of  spacecraft 
data  estimate  costs  that  are  higher  than  those  experienced  in  the  Air 
Force  Space  Test  Program  and  those  in  the  AEM  contract.  The  SAMSO  cost 
model,  for  example,  estimates  the  nonrecurring  and  recurring  cost  of 
HCMM  at  about  $14  million,  mainly  for  development;  Boeing's  ceiling 
estimate  was  approximately  $5  million,  and  at  the  time  of  the  Rand 
study  it  did  not  appear  that  the  ceiling  would  be  exceeded.  At  the 
same  time,  GSFC  was  estimating  a  unit  cost  of  under  $10  million  for 
MMS  compared  to  the  SAMSO  model's  estimate  of  about  $19  million.  The 
GSFC  estimate  was  based  on  some  hardware  development;  component  costs 
were  based  on  vendor  quotes  and  analogy  with  known  costs. 

At  both  ends  of  the  spectrum,  then,  costs  were  known  to  a  reason¬ 
able  degree  of  accuracy.  The  problem  was  to  ensure  relative  accuracy 
between  the  AEM  and  MMS  and  to  estimate  L-AEM  and  STPSS  costs  that 
would  reflect  their  relative  complexity.  The  decision  was  made  to 
develop  a  cost  model  based  on  a  combination  of  AEM  costs  and  tradi¬ 
tional  scaling  curves.  That  would  assume  implicitly  that  if  Boeing 
could  produce  an  AEM  for  about  $2  million,  all  spacecraft  manufacturers 
could  be  equally  efficient  in  producing  larger  spacecraft  using  a  phi¬ 
losophy  of  low  cost,  use  of  flight-proven  components,  etc. 
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Cost-estimating  equations  for  spacecraft  subsystems  are  typically 
of  the  type 


Y  =  aXb  or  Y  =  a  +  bXC 


where  Y  =  cost,  and 

X  =  weight  or  other  subsystem  characteristic. 

In  the  SAMSO  model,  for  example,  the  cost  of  the  attitude  control 
system  is  given  by 

90 

ACS  cost  in  thousands  of  1974  $  =  14.72  (ACS  dry  weight)' 

In  developing  a  model  for  this  study  the  b-value,  0.90,  was  used  with 

A 

an  a-value  based  on  AEM.  That  procedure  gave  the  following  equations 
(all  these  costs  are  in  thousands  of  1976  dollars): 

74 

Structure,  thermal  control,  interstage  *  4.8  (weight)' 

84 

Electrical  power  system  ■  5.65  (weight)' 

.  9 

Attitude  control  system  =  14.7  (weight)' 

,  9 

Communications  and  data  handling  =  25.4  (weight)' 


In  addition,  the  costs  of  system  test  and  integration,  program 
management,  quality  assurance,  reliability,  etc.,  must  be  included, 
and  they  add  about  another  50  percent  to  the  total.  On  top  of  that 
are  the  costs  of  special  components,  such  as  tape  recorders,  hydrazine 
tanks,  and  solar  panels  not  included  in  the  basic  configuration. 

Component  costs,  even  those  of  existing,  flight-proven  components, 
vary  considerably  and  add  another  measure  of  uncertainty  to  the  total. 
Vendor  quotes,  for  example,  can  vary  by  more  than  an  order  of  magnitude 
As  shown  below,  the  range  of  bids  for  a  PCM  encoder  was  from  $21,400 
to  $611,000;  in  that  same  case  the  second-lowest  bid  was  $41,200.  Also 


It  may  be  noted  that  the  ACS  estimating  equation  is  essentially 
the  same  as  the  one  cited  above  for  the  SAMSO  model.  Apparently,  in¬ 
flation  effects  have  been  offset  by  factors  such  as  a  low-cost  design 
approach  and  the  cost-quantity  effect. 
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RANGE  OF  BIDS 


Item 

Range 

($  thousands) 

Ratio 

S-band  transmitter 

29.1-39.8 

1:1.37 

Magnetometers 

17.7-25.7 

1:1.45 

Rocket  motor  assembly 

21.2-31.8 

1:1.50 

Louvers 

9.6-28.1 

1:2.93 

Command  decoder  and 

remote  command  processor 

62.3-1188.0 

1:19.1 

PCM  encoder 

21.4-611.0 

1:28.6 

component  price  is  highly  dependent  on  quantity  procured,  i.e.,  the 
quantity  ordered  at  one  time,  not  the  total  quantity  over  time.  The 
table  below  shows  what  may  be  an  extreme  case,  but  it  illustrates  a 
point  on  which  vendors  agree — six  S-band  transponders  bought  one  at 
a  time  will  cost  substantially  more  than  six  procured  in  one  buy. 


INFLUENCE  OF  SIZE  OF  BUY  ON  COST 


Buy 

Unit  Price 
($) 

Cost-Reduction 

(%) 

1 

306,000 

0 

2 

294,000 

3.9 

3 

267,000 

12.7 

4 

227,000 

25.8 

The  same  principle  obtains  at  the  system  level,  but  the  cost 
there  is  more  a  function  of  production  rate  than  quantity.  A  manu¬ 
facturer  may  have  a  fixed,  sustaining  cost  of,  say,  $1  million  per 
year  whether  he  builds  one  spacecraft  or  four.  The  hypothetical  ex¬ 
ample  below  illustrates  the  effect  of  rate  in  such  a  situation. 


Annual  Rate 


Sustaining  Cost 
per  Spacecraft 


1 

2 

3 

4 


1,000,000 

500,000 

333,333 

250,000 
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The  equation  used  to  adjust  recurring  costs  for  quantity  effects  was: 

f  =  .8  +  1.97  n-1 


where  f  =  adjustment  factor  applied  to  cost 

n  =  total  number  of  spacecraft  procured 
f  =  1  if  n  s  10. 


Cost-Estimating  Equations 


AEM  Cumulative  cost 

STPSS 

Spin 

Low-cost 

Precision 


2.28  n  (f). 

2.866  f  n  +  1.743  ^  nJ 

2.866  f  n  +  2.812  f2  n2 

2.866  f  n  +  3.995  f3  n3 


where 


n  =  number  of  core  modules 
n^  =>  number  of  spin  models 
n2  *  number  of  low-cost  modules 
n3  =  number  of  precision  modules. 


MMS 

Regular:  Cumulative  cost  =  8.965  n^  f 
SPS-I  *  9.350  n2  f 


Calculation  of  f  includes  20  MMS  procured  by 
NASA  over  10-year  period. 


L-AEM 

Baseline:  Cumulative  cost  ■  4.815  n^  f 
Precision  ■  5.678  n2  f 
Spin  ■  3.706  n3  f. 


The  remainder  of  Appendix  A  consists  of  tables  showing  estimated 
10-year  program  costs  of  spacecraft  and  shuttle  launches  for  various 
procurement  options. 
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Table  A-l 

SPACECRAFT  COSTS— NOMINAL  CASE 
($  millions) 


Maximum  AEM  and  L-AEM-BL  altitude  =  1000  n  mi 
AEM  and  L-AEM-BL  orientation  ■  Earth  only 


Payloads 

114 

228 

Payloads / spacecraf  t 

13 

6 

13 

6 

Spacecraft  Type 

Cost 

AEM 

2.3 

6.8 

11.4 

16.0 

STPSS 

Nonrecurring 

22.9 

22.9 

26.9 

26.9 

Spin 

— 

— 

26.2 

40.5 

Low-cost 

57.1 

90.7 

67.8 

110.9 

Precision 

35.0 

34.3 

41.8 

47.5 

Total 

117 

155 

174 

242 

AEM 

2.3 

9.1 

11.4 

20.5 

MMS 

108.8 

162.5 

155.6 

251.1 

Total 

111 

172 

167 

272 

STPSS 

Nonrecurring 

22.9 

22.9 

26.9 

26.9 

Spin 

— 

— 

20.0 

41.6 

Low-cost 

62.5 

109.6 

88.4 

150.1 

Precision 

34.5 

34.2 

43.6 

52.1 

Total 

120 

167 

179 

271 

MMS 

117 

190 

176 

297 

L-AEM 

Nonrecurring 

9.8 

9.8 

11.3 

11.3 

Spin 

— 

— 

14.3 

31.1 

Precision 

86.9 

123.9 

108.9 

168.3 

Total 

97 

134 

135 

211 

L-AEM 

Nonrecurring 

11.9 

11.9 

14.5 

14.5 

Baseline 

20.4 

29.6 

19.0 

31.4 

Spin 

— 

— 

15.2 

32.4 

Precision 

29.5 

28.7 

33.1 

36.5 

STPSS 

Nonrecurring 

18.4 

18.4 

18.4 

18.4 

Low-cost 

41.5 

73 

63.5 

106.2 

Total 

122 

162 

164 

239 
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Table  A-l  (Cont.) 


Payloads 

114 

1 

228 

Payloads /spacecraft 

13 

6 

13 

6 

Spacecraft  Type 

Cost 

L-AEM 

Nonrecurring 

11.9 

11.9 

14.5 

14.5 

Baseline 

18.7 

26.8 

17.9 

29.8 

Spin 

— 

— 

14.3 

31.0 

Precision 

65.1 

93.4 

88.2 

133.7 

Total 

96 

132 

135 

209 

AEM 

2.3 

6.9 

11.4 

16.0 

L-AEM 

Nonrecurring 

11.9 

11.9 

14.5 

14.5 

Baseline 

14.2 

13.6 

4.5 

4.3 

Spin 

— 

— 

21.5 

31.3 

Precision 

65.8 

94.4 

88.8 

135.3 

Total 

94 

127 

141 

201 

L-AEM 

Nonrecurring 

9.8 

11.9 

11.3 

11.3 

Baseline 

— 

26.8 

— 

— 

Spin 

— 

— 

3.8 

10.8 

Precision 

58.5 

93.4 

76.6 

104.1 

MMS 

33.7 

— 

58.5 

142.5 

Total 

102 

132 

150 

269 

AEM 

2.3 

9.1 

11.4 

20.5 

L-AEM 

Nonrecurring 

9.8 

9.8 

11.3 

11.3 

Spin 

— 

3.8 

10.8 

Precision 

58.5 

96.2 

76.6 

104.1 

MMS 

25.5 

16.5 

34.3 

80.4 

Total 

96 

_ 1 

132 

137 

227 

Table  A- 2 


SPACECRAFT  COSTS  WITH  ADDED  CAPABILITIES: 
UPGRADED  AEM  AND  L-AEM-1 

($  millions) 


Maximum  AEM  and  L-AEM-BL  altitude  =  Geosynchronous 
AEM  and  L-AEM-BL  orientation  =  Earth  and  sun 


Payloads 

114 

228 

Pay loads /spacecraft 

I 

13 

_ i 

6 

13 

6 

Spacecraft  Type 

Cost 

AEM 

17.1 

33.0 

37.8 

59.5 

STPSS 

Nonrecurring 

22.9 

22.9 

26.9 

26.9 

Spin 

— 

— 

31.6 

27.2 

Low-cost 

32.3 

32.5 

25.3 

44.7 

Precision 

38.2 

38.4 

45.1 

Total 

111 

127 

167 

211 

AEM 

12.2 

26.7 

46.1 

66.6 

MMS 

56.1 

73.4 

65.4 

127.6 

Total 

68 

100 

112 

194 

L-AEM 

Nonrecurring 

11.9 

11.9 

14.5 

14.5 

Baseline 

52.2 

85.3 

67.6 

115.8 

Spin 

— 

— 

14.3 

31.0 

Precision 

27.3 

25.9 

34.7 

Total 

91 

123 

196 

AEM 

2.3 

6.9 

16.0 

L-AEM 

Nonrecurring 

11.9 

11.9 

14.5 

Baseline 

47.5 

72.7 

54.6 

91.2 

Spin 

— 

— 

21.6 

31.3 

Precision 

27.4 

26.2 

31.3 

35.1 

Total 

89 

118 

133 

188 

L-AEM 

Nonrecurring 

11.9 

11.9 

14.5 

14.5 

Baseline 

35.5 

85.1 

52.2 

72.5 

Spin 

— 

— 

3.8 

10.8 

Precision 

17.5 

25.9 

21.0 

26.9 

MMS 

33.7 

•• 

58.5 

142.5 

Total 


99 


123 


150 


267 
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Table  A-2  (Cont.) 


Payloads 

114 

228 

Payloads/spacecraft 

13 

6 

13 

6 

Spacecraft  Type 

Cost 

AEM 

2.3 

11.4 

20.5 

L-AEM 

Nonrecurring 

11.9 

14.5 

14.5 

Baseline 

35.5 

60.3 

52.3 

72.5 

Spin 

— 

— 

3.8 

10.8 

Precision 

17.5 

27.1 

16.4 

20.8 

MMS 

25.5 

16.5 

34.3 

80.4 

Total 

93 

125 

133 

220 

L-AEM 

Nonrecurring 

9.8 

9.8 

11.3 

11.3 

Spin 

— 

— 

14.3 

31.1 

Precision 

86.9 

123.9 

108.9 

168.3 

Total 

97 

134 

135 

211 
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Table  A- 3 

LAUNCH  COSTS— NOMINAL  CASE 
($  millions) 


Maximum  AEM  and  L-AEM-BL  altitude  =  1000  n  mi 
AEM  and  L-AEM-BL  orientation  ■  Earth  only 

Space  shuttle  cost/launch  -  $15.4  million 

Kick  stages  ■  Solid  rockets 


Payloads 

114 

228 

Payloads/ spacecraf  t 

13 

6 

13 

6 

100%  weight  attribution 

1 

AEM/STPSS 

37 

51 

65 

93 

AEM/MMS 

41 

63 

68 

111 

STPSS 

37 

51 

60 

94 

MMS 

41 

67 

65 

112 

L-AEM 

36 

50 

58 

90 

AEM/L-AEM 

36 

50 

62 

90 

L-AEM/MMS 

34 

51 

57 

96 

AEM/L-AEM/MMS 

33 

50 

57 

89 

50%  weight  attribution 

AEM/STPSS 

26 

37 

48 

69 

AEM/MMS 

27 

44 

46 

77 

STPSS 

26 

38 

42 

68 

MMS 

28 

46 

43 

77 

L-AEM 

26 

37 

42 

66 

AEM/L-AEM 

26 

37 

46 

67 

L-AEM/MMS 

24 

37 

39 

68 

AEM/L-AEM/MMS 

24 

37 

41 

66 

Service  charge 

AEM/STPSS 

16 

24 

30 

44 

AEM/MMS 

14 

24 

24 

42 

STPSS 

16 

24 

25 

43 

MMS 

14 

24 

22 

41 

L-AEM 

16 

24 

25 

43 

AEM/L-AEM 

16 

24 

29 

44 

L-AEM/MMS 

14 

24 

22 

41 

AEM/L-AEM/MMS 

14 

24 

24 

42 

NASA  tariff 

AEM/STPSS 

79 

127 

157 

241 

AEM/MMS 

83 

144 

149 

258 

STPSS 

79 

126 

131 

235 

MMS 

83 

146 

134 

252 

L-AEM 

85 

134 

142 

247 

AEM/L-AEM 

85 

133 

167 

254 

L-AEM/MMS 

78 

134 

129 

242 

AEM/L-AEM/MMS 

7 7  1 

133 

141 

242 

Modified  NASA  tariff8 

AEM/STPSS 

35 

47 

61 

87 

AEM/MMS 

60 

90 

97 

158 

STPSS 

34 

46 

55 

84 

MMS 

61 

97 

92 

163 

L-AEM 

38 

51 

76 

92 

AEM/L-AEM 

44 

49 

76 

99 

L-AEM/MMS 

42 

51 

71 

92 

AEM/L-AEM/ftlS 

38 

53 

66 

95 

Assuaes  that  whenever  possible,  the  spacecraft  and  Its 
kick  stages  will  be  oriented  perpendicular  to  the  shuttle 
axis. 


A 
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Table  A- 4 

LAUNCH  COSTS  FOR  UPGRADED  A EM 
($  millions) 


Maximum  AEM  altitude  =  Geosynchronous 
AEM  orientation  «  Earth  and  sun 
Space  shuttle  cost/launch  =  $15.4  million 
Kick  stages  =  Solid  rockets 


Payloads 

114 

228 

Payloads/spacecraft 

13 

6 

13 

6 

100%  weight  attribution 

AEM/STPSS 

34 

42 

81 

AEM/MMS 

29 

43 

93 

50%  weight  attribution 

AEM/STPSS 

25 

33 

47 

63 

AEM/MMS 

21 

31 

43 

70 

Service  charge 

AEM/STPSS 

17 

24 

32 

46 

AEM/MMS 

12 

20 

28 

44 

NASA  tariff 

AEM/STPSS 

86 

126 

168 

249 

AEM/MMS 

65 

109 

152 

259 

Modified  NASA  tariff3 

AEM/STPSS 

39 

50 

74 

95 

AEM/MMS 

45 

64 

89 

139 

Assumes  that  whenever  possible,  the  spacecraft  and 
its  kick  stages  will  be  oriented  perpendicular  to  the 
shuttle  axis. 


Table  A-5 


LAUNCH  COSTS  FOR  THE  L-AEM-l* 
($  millions) 


Maximum  L-AEM-BL  altitude  =  Geosynchronous 
L-AEM-BL  orientation  =  Earth  and  sun 

Space  shuttle  cost/launch  =  $15.4  million 
Kick  stages  =  Solid  rockets 


Payloads 

114 

228 

Payloads/spacecraft 

13 

6 

13 

6 

100%  weight  attribution 

L-AEM 

36 

49 

89 

AEM/L-AEM 

35 

49 

81 

L-AEM/MMS 

33 

50 

91 

AEM/L-AEM/MMS 

33 

49 

56 

88 

50%  weight  attribution 

L-AEM 

26 

37 

41 

66 

AEM/L-AEM 

26 

36 

45 

62 

L-AEM/MMS 

23 

37 

39 

66 

AEM/L-AEM/MMS 

24 

37 

40 

65 

Service  charge 

L-AEM 

16 

24 

25 

43 

AEM/L-AEM 

16 

24 

29 

42 

L-AEM/MMS 

14 

24 

22 

41 

AEM/L-AEM/MMS 

14 

24 

24 

42 

NASA  tariff 

L-AEM 

85 

133 

141 

247 

AEM/L-AEM 

85 

133 

167 

246 

L-AEM/MMS 

76 

133 

128 

237 

AEM/L-AEM/MMS 

77 

133 

141 

241 

Modified  NASA  tariffb 

L-AEM 

38 

51 

76 

92 

AEM/L-AEM 

44 

49 

76 

90 

L-AEM/MMS 

41 

51 

71 

92 

AEM/L-AEM/MMS 

39 

54 

65 

95 

aOnly  the  L-AEM-BL  configuration  is  modified  to  give 


it  geosynchronous  and  sun-orientation  capability. 

Assumes  that  whenever  possible,  the  spacecraft  and 
its  kick  stages  will  be  oriented  perpendicular  to  the 
shuttle  axis. 
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Appendix  B 

POWER  SUBSYSTEM:  A  COMPARISON  OF  AEM,  STPSS,  AND  MMS 

by 

N.  E.  Feldman  and  P.  A.  CoNine 

BASIC  DESCRIPTION  OF  THE  AEM(31) 

The  AEM  spacecraft  comes  in  two  versions:  Both  have  a  standard 
28  V  power  bus,  a  single  10  Ah  rechargeable  nickel  cadmium  (NiCd) 
battery,  and  are  powered  by  two  fixed  arrays  (not  sun-tracking)  with 
approximately  23  sq  ft  of  solar  cells.  (For  further  details,  see 
Table  B-l.)  The  solar-cell  arrays  can  provide  a  peak  power  of  238  W 
end-of-life  (EOL)  when  the  sun  angle  is  most  favorable.  Because  the 
arrays  do  not  sun  track,  the  average  power  produced  during  illumination 
is  about  130  W.  However,  to  optimize  power  output  in  the  orbit  planned 
for  SAGE,  the  two  solar  arrays  are  driven  to  an  angle  of  ±50  deg  with 
respect  to  the  local  horizontal.  These  motors  are  shown  in  the  power 
subsystem  diagram  of  Fig.  B-l. 

Up  to  50  W  can  be  provided  to  the  experiment  module  with  a  voltage 
regulation  of  28  V  ±2  percent.  Voltage  regulation  to  the  experiments 
is  relaxed  for  peak  pulse  loads  above  50  W,  e.g.,  the  regulation  is  re¬ 
laxed  to  ±5  percent  when  the  experiments  require  a  peak  pulse  load  of 
(32) 

120  W.  This  peak  pulse  load  option  is  used  on  the  SAGE  vehicle, 
where  the  specification  states  that  this  120  W  load  must  be  handled  for 
a  maximum  of  A  sec.  Although  the  4  sec  time  period  is  the  specified 
value,  the  spacecraft  may  be  able  to  handle  this  amount  of  experiment 
power  for  up  to  a  few  minutes. 

The  HCMM  vehicle  power  budget  during  normal  orbital  operation, 
i.e.,  standby,  is: 


Experiment  22  W 
Telemetry  4  W 
Attitude  control  and  determination  12  W 
Power  circuitry  12  W 


Total 


50  W 


LlfPMLUILJ 


V  IH  III  1,1^1 
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Table  B-l 

POWER  SYSTEM  COMPARISONS 


Characteristic 

AEM  (32) 

- — ■  -  i 

stpss^2) 

Voltage  level 

28  ±4  V  dc  at  bus 
±2%  to  experiments 

28  ±5  V  dc  at  bus  1 

optional  28  V  ±0.5  V 
to  experiments  (±1.87) 

28  ±7  V  dcm 

Array 

No  array  on  base  module 

Average  power  during 
illumination 

Average  power  over 
low-altitude  orbit 
Material 

Resistance 

Size  of  solar  cells 
Efficiency 

Cover  glass  thickness 
Total  dimensions 
of  array 

133  Wa 

68  W3 

N/P  silicon 

1  to  3  ohm-era 

2  x  2  x  0.03  cm 

in 

6  mils 

Each  panel  consists  of 

2  strings  *  82  cells 
in  series  x  5  in 
parallel  x  6  panels  on 
each  of  two  non-sun- 
tracklng  paddles 

1200  W  max1 

500-600  W  nominal* 

N/P  silicon 

2  ohm-cm 

2  x  A  x  0.036  cm 
-  107 

6  mils 

Each  panel  consists  of 

2  strings  of  96  cells 
in  series  by  3  in 
parallel  (50  W/panel-EOL 
max)  up  to  24  panels 

1200  W  max*  bus  rating0 

Total  area  of  array 

23.2  sq  ft 

6  sq  ft /panel 

2 

Array  power/ft  EOL 

2° 

10.3  W/ft 

8.3  U/ft2 

Total  weight  of  array 
and  support  structure 

19.6  lb 

132  lb 

Spacecraft  power  con¬ 
sumption  t  excluding 
experiments 

~  50  to  80  WC 

92-197  W3 

350  W 

Power  available  for 
experiments 

40  to  50  Wd 

—  400  W  nominal* 

850  W  max 

Kind  of  battery 

NiCd 

NiCd 

NiCd 

Battery  rating 

10  Ah 

3  *  20  Ahk 

2  x  20  Ah  baseline  or  up 
to  3  x  20  Ah  or  1  to  3 
x  50  Ah0 

Battery  coefficient* 

Ah/ lb 

0.49 

0.38 

0.40 

Number  of  batteries 

1 

3 

1  to  3 

Depth  of  discharge8 

143:  (BOL); 

16.67  (EOL) f 

257 

257  low  earth  orbit;  507P 
synchronous  orbit 

Power  available 
during  eclipse^ 

46  Whr 

420  Whr 

280  Whr  for  2  *  20  Ah 
battery  or  1050  Whr  for 

3  x  50  Ah  battery** 

Weight  of  battery* 
power  conditioning 
and  distribution 

51.1  lb 

253.  J  lb 

334  lbq 

Battery  charging 
method 

Across  both  solar 
arrays  in  parallel 

Separate  control  for 
each  battery 

One  power  regulating  unit 
for  all  bateeriesr 

Dissipation  of 
excess  power 

"Shunt  resistors"*' 

. 

'Shunt  modules 

Peak  power  tracker,8  excess 
power  Is  left  on  the  array, 
there  ia  a  2  to  5*C  rise  in 
array  temperature 
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NOTES  TO  TABLE  B-l 
From  Refs.  31  and  32: 


a 

This  is  the  average  power  produced  by  the  stationary  array  during 
illumination.  At  an  optimal  sun  angle,  a  maximum  of  238  W  can  be  pro¬ 
duced.  Assuming  a  low  earth  orbit  illumination  interval  of  approxi¬ 
mately  60  min,  the  solar  array  power  output  is  7952  Wmin  corresponding 
to  7952/60,  or  133  W.  Average  power  available  for  the  orbit  is  68  W, 
which  can  be  derived  in  the  following  way: 


7952  W  • 
59.1  min  + 


min  _ 

42.9  min 
0.75 


68  W 


where  59.1  min  is  the  period  of  illumination  and  42.9  min  is  the  period 
of  occultation  during  low  earth  orbit.  The  factor  of  0.75  is  the 
derived  overall  battery  efficiency. 

^Based  on  maximum  array  output  of  238  W. 

Q 

The  HCMM  vehicle,  excluding  experiments,  uses  59  W  during  a  data 
pass.  The  SAGE  vehicle  uses  47  W  to  79  W  for  the  portions  of  the  mis¬ 
sion  discussed  in  the  text.  The  remainder  of  the  power  produced  during 
illumination  is  used  for  battery  charging. 

dFifty  watts  could  be  available  for  an  appreciable  fraction  of  the 
orbit,  but  the  orbital  average  power  that  could  be  made  available  for 
experiments  and  telemetry  of  the  experimental  data  is  no  more  than  40  W. 
This  assumes  68  W  orbital  average  available:  12  W  for  attitude,  12  W 
for  power  subsystems,  and  4  W  for  housekeeping  telemetry. 

e 

Depth  of  discharge  is  given  for  the  low  orbit  case,  which  is  the 
higher  stress  one  because  of  the  high  frequency  of  occultation.  Depth 
of  discharge  for  synchronous  orbit  can  be  as  high  as  62  percent. 

^During  prelaunch,  launch,  and  completion  of  the  acquisition  phase, 
the  depth  of  battery  discharge  reaches  61.5  percent  (Ref.  31,  pp.  1-26). 
This  is  a  one-time  condition.  The  ASM  requires  only  an  8  Ah  battery, 
but  a  space-qualified  10  Ah  battery  was  readily  available.  It  proved 
to  be  more  practical  to  incorporate  the  standard  battery  rather  than 
to  redesign  the  battery  and  charging  circuits.  Thus,  the  lower  depth 
of  discharge  values  (0.14  or  0.166  rather  than  0.25  as  on  STPSS  and  MMS) 
reflect  overdesign,  not  high  risk,  on  STPSS  or  MMS  designs. 

^Calculated  using  depth  of  discharge  for  low  earth  orbit. 

nIn  shunt  loads,  based  on  battery  Ah  and  temperature  monitors. 


From  Ref.  1 : 


^Reference  1  (p.  6-1)  lists  a  total  nominal  orbital  average  system 
power  of  500  W  to  600  W,  with  400  W  for  experiments.  Page  3-5  of  the 
same  report  discusses  using  up  to  24  panels,  which  would  provide  1200  W 
in  the  three-axis-stabilized  configuration  with  sun-tracking  arrays. 

In  the  spin-stabilized  configuration,  however,  the  solar  arrays  are 
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NOTES  TO  TABLE  B-l  (Cont.) 

mounted  to  the  six  faces  of  the  space  vehicle;  it  should  be  noted  that 
not  all  solar  cells  are  exposed  to  the  sun  simultaneously  on  this  space¬ 
craft,  therefore,  about  1200/ir  of  382  W  are  available  on  this  design. 

^Electrical  power  consumption  of  the  standard  STPSS  modules,  exclud¬ 
ing  experiments,  is  determined  by  the  stabilization  system  used:  spin¬ 
ning  spacecraft,  92  W;  three-axis  earth  reference,  136  W;  three-axis 
stellar  (and  wheels),  185  W;  three-axis  stellar  with  hydrazine,  197  W. 

^TRW  does  not  recommend  using  batteries  smaller  than  20  Ah  for 
missions  requiring  less  than  500  W  because  the  nonrecurring  costs 
associated  with  designing  a  smaller  capacity  battery  and  with  inter¬ 
face  redefinition  would  increase  program  cost  by  about  $200K  to  $300K. 
Recurring  battery  cost  savings  due  to  using  the  smaller  battery  are  not 
substantial,  since,  typically,  cell  hardware  contributes  only  20  percent 
to  battery  total  cost,  with  the  other  80  percent  due  to  test  and  quality 
control  requirements. 

1 

Excess  power  generated  by  the  STPSS  solar  array  is  shunted  into 
resistive  modules  on  the  surface  of  the  spacecraft  and  radiated  into 
space. 

From  Ref .  5 : 

"Vage  22  says,  "28  ±7  V  dc  negative  ground." 

nThe  power  subsystem  can  support  an  orbital  average  load  of  1200  W 
in  any  orbit  from  500  to  1665  km  and  at  geosynchronous  altitude.  This 
includes  being  able  to  accommodate  a  peak  load  of  3  kW  for  10  min,  day 
or  night.  These  determine  the  peak  and  average  power  requirements  of 
the  power  regulating  unit  and  batteries. 

°The  choice  of  various  numbers  of  batteries  and  two  sizes  allows  a 
large  variation  in  battery  capacities  to  be  chosen  to  suit  the  particular 
experiment:  20,  40,  50,  60,  100,  or  150  W. 

PThe  most  recent  specification  calls  for  a  60  percent  depth  of  dis¬ 
charge  in  synchronous  orbit  instead  of  50  percent. 

^The  baseline  power  module  weighs  about  254  lb,  including  the  case, 
louvers,  and  all  module  attachment  hardware.  The  heat  sink  louvers, 
which  prevent  thermal  runaway  of  the  switching  semiconductors,  weigh 
12  to  13  lb.  The  weight  of  the  power  subsystem  frame  or  box,  i.e., 
without  electronics,  just  structure,  is  about  54  lb;  and  the  attachment 
hardware  is  about  25  lb.  Thus,  the  254  lb  power  system  module,  exclud¬ 
ing  thermal  and  structural  elements,  weighs  about  262  lb.  Each  20  Ah 
battery  weighs  about  50  to  53  lb;  each  50  Ah  battery  weighs  about  100 
to  110  lb.  Thus,  for  the  baseline  case,  the  weight  of  the  battery  and 
power  conditioning  is  about  354  lb;  and,  for  3  x  50  Ah  batteries,  the 
total  weight  can  be  as  much  as  585  lb.  Note  that  these  figures  include 
some  structure  but  do  not  include  the  vehicle  harness,  i.e.,  power 
distribution. 
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NOTES  TO  TABLE  B-l  (Cont.) 

rWhile  all  the  batteries  are  connected  to  a  single  power  regulator 
unit,  the  unit  has  been  designed  to  compensate  for  loss  of  a  single 
cell,  or  even  an  entire  battery,  without  jeopardizing  the  total  power 
system. 

sNASA  Goddard's  MMS  program  office  has  decided  to  use  a  peak  power 
tracker  rather  than  the  separate  battery  charging  modules,  plus  shunt 
modules  typically  used  in  direct  energy  transfer  systems.  The  tracker 
works  by  tracking  the  peak  power  point  of  the  solar  array.  When  peak 
power  is  not  required,  the  power  regulating  unit  forces  the  solar  array 
operating  point  to  a  lower  level.  Therefore,  no  excess  power  is  pro¬ 
duced  which  would  have  to  be  dissipated.  The  peak  power  tracker  lends 
itself  to  simpler  interfaces  than  the  direct  energy  transfer  system 
with  shunt  module  disslpators. 


Applications 

Explorer 

Missions 

Goaaard  Space  Fiigii  Center 


HOT/SAGE  CRITICAL  DESIGN  REVIEW 
APRIL  7  &  8,  1976 
DESIGN  ADEQUACY 


Space  Systems  Ovsen 


♦SAGE  ONLY 


Fig,  B-l — Power  and  distribution  subsystem  block  diagram 
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The  duration  of  the  data  pass  is  10  min  during  illumination  and  15  min 
during  occultation.  The  HCMM  vehicle  power  budget  during  data  pass  is 
roughly  as  follows: 


* 

Experiment  24  W 
Telemetry  35  W 
Attitude  control  and  determination  12  W 
Power  circuitry  12  W 


Total  83  W  (10  to  15  min) 


The  remainder  of  the  energy  produced  during  illumination  is  used  for 
battery  charging  and  this  energy  is  later  used  by  the  spacecraft  during 
eclipse.  During  the  eclipse,  46  Whr  of  energy  are  available  from  the 
battery;  this  is  about  75  percent  of  the  energy  used  in  charging  the 
battery.  Examination  of  the  power  system  performance  for  the  HCMM  and 
SAGE  missions  indicates  that  about  half  the  energy  out  of  the  arrays 
is  used  for  battery  charging. 

On  the  SAGE  vehicle,  there  are  some  high  short-duration  loads 

** 

(less  than  4  sec)  from  the  experiment  and  from  the  tape  recorder. 

The  timing  for  the  experiment  module  is  such  that  the  tape  recorder 
peak  demands  and  experiment  peak  demands  do  not  occur  at  the  same  time; 
the  power  system  is  not  adequate  for  this.  The  telemetry  subsystem 
requires  18  W  to  21  W,  except  during  tape  dump  (once  per  day) ,  when 
this  subsystem  uses  51  W  of  power  (500  sec  duration).  The  total  SAGE 
power  demand  during  tape  dump  is: 


Standby  power  to 

experiment 

9 

W 

Telemetry 

51 

W 

Attitude  control 

and  determination 

16 

W 

Power  circuitry 

12_ 

W 

Total 

88 

W  (500  sec) 

Tables  of  subsystem  electric  load  demands  provided  by  Boeing  show 
an  HCMM  payload  total  power  consumption  of  34  W  during  a  data  pass. 
However,  a  total  of  the  entries  adds  only  to  24  W.  Either  there  is  an 
error  in  a  table  entry,  or  else  there  is  a  mistake  in  addition. 

•Jf/f 

One  such  load  is  the  120  W  pulse  option  (2  to  4  sec  duration)  to 
the  experiments.  The  experiment  module,  which  includes  the  experiment 
and  a  tape  recorder,  requires  only  9  W  during  standby  but  can  draw  a 
maximum  pulse  power  of  117  W  during  acquisition  (4  sec  duration). 


The  maximum  experiment  power  for  durations  of  more  than  a  few 
seconds  is  required  by  the  SAGE  experiment  (during  the  track  interval) , 
not  the  HCMM  experiment.  The  power  breakdown  for  the  SAGE  vehicle  for 
the  180  sec  track  interval  during  data  taking  is  as  follows: 

Experiment  43  W 

Telemetry  19  W 

Attitude  control  and  determination  16  W 

Power  system  circuitry  12  W 

Total  90  W  (180  sec) 

The  power  consumed  by  experiments  plus  telemetry  can  be  high  for  short 

periods  of  time,  e.g.,  it  is  59  W  for  10  to  15  min  and  62  W  for  3  min. 

DESCRIPTION  OF  STPSS AND  COMPARISON  WITH  AEM 

The  STPSS  spacecraft  also  has  a  28  V  bus,  but  its  voltage  regula¬ 
tion  is  not  quite  as  stringent  as  the  AEM  (±5  V  rather  than  ±4  V,  as 
shown  in  Table  B-l).  Additional  power  regulation  equipment  (±1.8  per¬ 
cent  regulation)  can  be  added  if  the  experiments  require  it  (optional) , 
but  the  associated  weight  and  power  loss  are  not  mentioned.  The  STPSS 
spacecraft  is  equipped  with  three  20  Ah  batteries  and  up  to  24  solar 
panels  may  be  used  in  two  arrays.  These  arrays  can  provide  up  to  1200  W 
maximum  (during  illumination)  in  the  three-axis-stabilization  configura¬ 
tion  with  sun  tracking.  Use  of  the  same  24  panels  around  a  spinning 

It 

spacecraft  will  generate  only  about  1200/tf,  or  380  W.  Spacecraft  sub¬ 
systems,  excluding  experiments,  require  approximately  100  to  200  W,  de¬ 
pending  on  which  one  of  four  stabilization  techniques  is  used.  A  block 
diagram  of  the  STPSS  power  subsystem  is  shown  in  Fig.  B-2. 

The  STPSS  spacecraft  can  supply  substantially  more  power  for  ex¬ 
periments  than  the  AEM,  i.e.,  400  W  compared  to  40  W.  Short-term  peak 
load  data  comparable  to  those  available  for  the  AEM  are  not  available 
for  the  STPSS.  Other  characteristics,  shown  in  Table  B-l,  are  rela¬ 
tively  standard. 

The  average  power  available  for  experiments  over  an  orbital  period 
also  depends  on  the  orbit. 
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Fig.  B-2  - STPSS  power  subsystem 

DESCRIPTION  OF  MMS(5)  AND  COMPARISON  WITH  STPSS 

The  MMS  is  the  largest  spacecraft  of  the  three.  The  MMS  base 
module  does  not  Include  an  array  and  the  assumption  is  made  that  any 
array  that  is  adequate  for  each  payload  can  be  easily  incorporated. 

The  MMS  power  regulation  system  has  been  designed  with  an  emphasis 
on  simplified  interfaces  and  substantial  redundancy.  The  spacecraft 
is  designed  to  be  able  to  handle  orbital  average  powers  up  to  ^200  W 
(this  would  require  a  peak  power  from  the  array  of  2400  W  or  more  in 
a  low  altitude  earth  orbit).  Power  to  the  spacecraft  loads  and  the 
batteries  is  controlled  through  a  switching  type  of  series  regulator — 
the  PRU,  or  power  regulating  unit.  The  PRU  is  designed  to  adapt  to 
power  array  levels  between  600  and  3600  W;  its  efficiency  ranges  from 
about  0.88  to  0.96.  The  nominal  battery  configuration  is  two  of  20  Ah 
each.  However,  one  to  three  batteries  with  either  20  or  50  Ah  ratings 
can  be  accommodated. 
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When  the  MMS  Is  shuttle  launched,  there  should  not  be  a  large 
cost  Impact  associated  with  Integration  and  testing  for  every  new  array, 
since  the  shuttle  imposes  fewer  size  constraints  and  lower  stresses 
(vibration,  acoustic)  than  previous  launchers. 

All  of  the  MMS  batteries  and  spacecraft  loads  are  controlled  by 
a  single  PRU  (see  Fig.  B-3) .  In  the  event  of  a  single  battery  cell 

■OMllt  STItlCIMC 

laiciFtct  comucioi 

ilia  inn 
lUIllIMT  »M»T 

caouao  cnuc(  m»u 
ram  wuincii 

(I*  CtOH  HOOUll 

ft  eaouM  m  tic. 

it  mm  niuif 

aauimca  aac  auirnr 

roscacu 
iMuit 

io  cm  aoouil 

to  tcs  mo  aioaoMioa 
« iinriM  ntuLts 

it  iisiiimim 

SOURCE:  Ref.  5 

Fig.  B-3 — MMS  block  diagram — power  subsystem  module 

failure  caused  by  a  short  circuit,  the  PRU  can  change  its  (voltage/ 

temperature)  operating  point  to  accommodate  the  lower  battery  terminal 

voltage;  while  this  will  underutilize  the  undamaged  batteries  by  one 

cell  out  of  22,  the  total  energy  available  will  still  be  more  than  if 

* 

the  battery  with  the  failed  cell  were  placed  off  line.  In  the  STPSS, 

In  the  three-battery  case,  two  cells  out  of  66  are  sacrificed  be¬ 
cause  of  the  one  cell  failure,  while  open  circuiting  a  single  battery 
sacrifices  21  cells. 
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each  battery  has  its  own  charge  control  unit.  The  latter  Is  frequently 
considered  a  more  reliable  system  in  the  event  of  a  single  point  failure 
and  has  been  the  system  considered  preferable  by  the  Air  Force.  Re¬ 
placement  of  the  MMS  power  system  with  one  similar  to  that  used  on  the 
STPSS  would  require  a  substantial  amount  of  redesign. 

The  PRU,  however,  has  considerable  redundancy:  two  peak  power 
tracking  circuits,  two  bias  supply  circuits  (bias  converters  with 
separate  fuses),  three  control  logic  circuits,  and  six  switching  regu¬ 
lators  (each  rated  for  600  W  or  18  A  maximum).  With  little  additional 
cost  or  time,  it  is  possible  to  arrange  two  regulators  in  parallel  to 
supply  each  of  three  batteries,  with  separate  logic  control  for  each 
pair  of  regulators.  The  battery  outputs  would  be  diode-isolated  from 
the  load  bus.  These  modifications  would  result  in  a  battery  charging 
system  more  analogous  to  that  of  the  STPSS. 

The  unregulated  bus  voltage  (28  ±7  V)  was  selected  to  permit  ex¬ 
traction  of  the  full  Ah  rating  from  the  battery,  even  after  several 
years  of  aging  when  the  discharge  voltage  may  have  decreased  to  as  low 
as  21  V.  On  the  high  side  of  the  voltage  range,  the  batteries  require 
a  maximum  of  33.4  V  at  the  terminals  under  worst  case  charging  condi¬ 
tions  (highest  current  level  and  a  battery  temperature  of  0®C) .  Be¬ 
cause  the  PRU  has  a  voltage  clamp  at  35  V,  the  tolerance  was  set  at 
±7  V  for  symmetry.  The  ±7  V  tolerance  requires  that  the  experiments 
incorporate  a  preregulator  with  a  larger  dynamic  range  than  would  be 
required  for  the  AEM  or  STPSS  (±4  V  and  ±5  V,  respectively).  The  PRU 
locates  the  peak  power  point  by  hunting  around  the  equilibrium  value 
at  a  70  Hz  rate.  The  resultant  0.5  V  peak-to-peak  70  Hz  ripple  (at  a 
7  A  load)  that  the  PRU  imposes  on  the  bus  also  must  be  removed  by  the 
preregulator  at  the  input  of  each  experiment  (it  is  not  practical  to 
filter  out  so  low  a  frequency) . 

The  PRU  is  a  series  regulating  element  and  thus  tends  to  provide 
lower  efficiency  than  the  conventional  shunt  regulators,  e.g.,  the 
direct  energy  transfer  systems  used  on  the  AEM  and  STPSS.  At  syn¬ 
chronous  altitudes,  this  shows  up  as  about  a  5  to  10  percent  lower 
efficiency  for  the  PRU  approach.  In  addition,  the  PRU  approach  may 
be  as  much  as  10  percent  heavier  than  the  direct  energy  transfer  sys¬ 
tems.  It  has  been  claimed  that  in  low  earth  orbits,  e.g.,  altitudes 


around  300  n  mi,  an  optimized  PRU  may  provide  up  to  30  percent  more 
power  than  the  direct  energy  transfer  systems  for  arrays  with  long 
thermal  time  constants  (x).  This  is  because  the  array  is  more  effi¬ 
cient  at  lower  temperature  when  it  first  comes  out  of  eclipse  and  the 
PRU  takes  full  advantage  of  this.  For  an  array  like  Sky lab,  the  thermal 
constant  is  about  20  min.  Thus,  it  takes  60  min  (3x)  to  get  to  90  per¬ 
cent  of  the  final  AT,  and  this  is  the  whole  illumination  period.  For 
lightweight  arrays  such  as  the  Flexible  Roll  Up  Solar  Array  (FRUSA) , 
the  thermal  time  constant  is  only  a  few  minutes  and  the  improvement 
over  a  direct  energy  transfer  system  in  low  earth  orbit  may  be  no  more 
than  5  to  10  percent. 

OVERVIEW 

Because  many  maximum  or  average  power  levels  can  be  defined  for 
each  space  vehicle.  Table  B-2  summarizes  some  of  the  more  useful  values. 
Shorter-term  peak  power  levels  available  for  experiment  packages  may  be 
limited  by  a  variety  of  considerations  unrelated  to  the  factors  that 
dominate  in  Table  B-2.  The  regulated  28  V  ±2  percent  power  supply  for 
experiments  on  the  AEM,  for  example,  is  limited  to  50  W  maximum;  how¬ 
ever,  the  regulator  can  supply  120  W  at  28  V  ±5  percent  for  up  to  4  sec. 
Short-term  peak  power  levels  may  be  limited  by  the  excess  output  of  the 
solar  array,  by  the  battery  energy  storage  capacity,  by  the  surge  cur¬ 
rent  limit  of  the  battery,  or  by  the  peak  power  handling  capability  of 
some  component  in  the  power  conditioning  subsystem.  Short-term  power 
levels — that  is,  those  lasting  seconds  to  minutes— are  generally  only 
a  factor  of  2  to  10  times  the  average  power  level,  but  only  penalties 
such  as  cost,  weight,  or  reliability  inhibit  the  use  of  larger  factors. 
Because  the  complete  power  subsystems  of  the  STPSS  and  MMS  are  not  as 
well  defined  as  for  the  AEM,  and  no  power-time  profiles  are  available 
for  each  experiment,  no  short-term  peak  power  summary  is  shown. 

There  is  no  doubt  that  the  peak  power  tracker  design  of  the  MMS 
can  squeeze  more  power  out  of  a  given  array  in  a  low  altitude  orbit 
than  a  direct  energy  transfer  system,  but  the  primary  justification 
for  its  use  on  the  MMS  is  that  the  array  characteristics  and  array  in¬ 
tegration  into  the  space  vehicle  need  not  be  optimized — any  handy  over¬ 
sized  array  is  acceptable  and  can  easily  be  integrated.  In  this  case. 
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Table  B-2 
POWER  SUMMARY 


Characteristic 

AEM 

STPSS 

MMS 

Peak  array  power  possible,  W 

238a 

1200 

:>3600b 

Average  array  power  available 
to  space  vehicle  during 
illumination,  W 

133 

1200 

3600 

Average  power  available  over 
a  low  altitude  orbit, c  W 

68 

500-600 

1200d 

Average  spacecraft  housekeep¬ 
ing  power,  excluding  ex¬ 
periments  and  associated 
telemetry,  W 

28 

100-200 

350 

Continuous  or  average  power 
available  for  experiments 
over  a  low  altitude  orbit,  W 

40 

400 

850 

^he  238  W  is  the  peak  of  the  power  curve  which 
roughly  resembles  a  positive  half  sine  wave,  since  the 
array  is  not  sun-tracking. 

The  3600  W  is  set  by  the  peak  power  handling  capa¬ 
bility  of  the  PRU;  actually,  there  is  no  maximum  since 
still  higher  power  arrays  would  merely  be  used  less 
efficiently.  The  excess  electrical  power  would  not  be 
drawn  from  the  array,  which  merely  results  in  a  slightly 
higher  array  temperature. 

c 

This  assumes  that  power  is  supplied  at  a  constant 
rate  to  the  spacecraft  loads  over  the  entire  low  alti¬ 
tude  orbit  and  that  the  battery  capacity  is  adequate  to 
store  the  energy  required  over  the  period  the  array  is 
occulted. 

^The  power  bus  is  rated  for  1200  W  maximum,  limiting 
the  total  load  that  can  be  supplied. 


however,  optimizing  the  array  power  output  is  not  likely  to  prove  neces¬ 
sary.  Thus,  there  is  a  clear  dichotomy  in  emphasizing  peak  power  track¬ 
ing  for  efficiency  in  a  multipurpose  vehicle. 

Some  of  the  ±7  V  variation  of  the  MMS  bus  must  be  due  to  series 
voltage  drop  in  the  PRU.  In  addition  to  this  slow  dc  variation,  there 
is  a  superimposed  70  Hz  ripple  caused  by  hunting  of  the  peak  power 
tracker  about  the  optimum.  While  this  has  been  measured  to  be  about 
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0.5  V  peak  to  peak  at  a  7  A  load  (it  is  limited  by  the  low  impedance 
of  the  batteries) ,  it  may  be  as  much  as  3  V  peak  to  peak  around  the 
maximum  40  A  load.  Virtually  all  experiment  packages  will  require  their 
own  preregulators  to  remove  both  variations,  i.e.,  the  17  V  dc  and  3  V 
peak-to-peak  70  Hz  ripple.  Series  type  preregulators  are  simple,  light¬ 
weight,  and  reliable,  but  excess  power  must  be  available,  since  their 
efficiencies  over  so  large  a  range  is  poor,  i.e.,  50  to  60  percent. 
Furthermore,  the  additional  preregulator  dissipation  at  each  experiment 
package  increases  thermal  problems.  Switching  regulators  (dc-to-dc 
converters)  are  more  complex,  heavier,  and  require  more  filtering  to 
control  electromagnetic  interference  but  offer  efficiencies  of  85  to 
90  percent  or  more. 

The  entire  problem  can  be  eliminated  by  installing  one  large  pre¬ 
regulator  (e.g.,  28  V  ±2  percent)  for  the  entire  spacecraft.  Where 
this  decision  has  been  made  late  in  a  program,  it  has  resulted  in  space¬ 
craft  with  unnecessary  duplication — the  experiments  already  contained 
preregulators  and  too  much  expense  and  delay  was  involved  in  removing 
them  once  they  had  been  designed  into  the  experiment  packages.  A  new 
MMS  specification,  which  provided  for  only  a  one  year  life  and  less 
extreme  battery  and  ripple  conditions,  would  place  much  less  burden  on 
the  experiment  packages. 
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Appendix  C 

COMMUNICATIONS  AND  DATA  HANDLING  SUBSYSTEM: 
A  COMPARISON  OF  AEM,  STPSS,  AND  MMS 
by 

P.  A.  CoNine 


Table  C-l  summarizes  the  communications  and  data  handling  sub¬ 
systems  for  the  AEM,  the  MMS,  and  the  STPSS.  It  can  readily  be  seen 
that  the  three  C&DH  systems  are  substantially  different  and  not  com¬ 
patible.  Major  differences  include  frequencies,  modulation,  formats, 
data  rates,  polarization,  and  security  equipment.  None  of  the  C&DH 
equipment  on  the  three  spacecraft  is  beyond  or  even  pushing  the  state 
of  the  art.  Most  of  the  equipment  on  the  AEM  and  STPSS  has  been  used 
on  previous  spacecraft.  While  some  of  the  MMS  equipment  will  be  new, 
the  overall  spacecraft  is  in  the  latter  stages  of  development.  Because 
the  STPSS  missions  are  not  concerned  with  cross-linking  data  to  another 
spacecraft,  it  is  not  necessary  to  pay  any  further  attention  to  the  TDRSS 
transponder. 

DESCRIPTION  OF  THE  AEM 

The  AEM  spacecraft  is  currently  being  built  by  Boeing  in  two  ver¬ 
sions:  the  HCMM  and  the  SAGE.  The  HCMM  has  a  VHF  command  and  house¬ 
keeping  telemetry  system  and  an  S-band  telemetry  unit  for  experimental 
data;  the  SAGE  vehicle  has  all  communications  at  S-band  frequencies. 

The  command  and  telemetry  formats  are  compatible  with  the  NASA-STDN 
satellite  tracking  and  telemetry  system.  The  HCMM  spacecraft  is  the 
only  one  in  this  study  with  a  VHF  command  receiver  and  housekeeping 
transmitter;  however,  the  communication  system  has  been  designed  so 
that  it  can  become  S-band-compatible  (as  on  the  SAGE)  merely  by  changing 
the  transponder/transmitter-diplexer  units.  No  further  consideration 
will  be  given  to  the  VHF  system. 

The  AEM  telemetry  system  has  a  low  data  rate  of  1  or  8  kbps,  al¬ 
though  on  the  SAGE  tape  recorder  playback  can  be  as  high  as  1  Mbps. 

The  command  rate  is  a  low  600  bps.  The  memory  is  small  and  is  used 
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Table  C-l 

C&DH  CHARACTERISTICS  OF  A EM,  MMS,  AND  STPSS 


Characteristic 

AEM-I 

RCMMaU1) 

ARM-SAGE ° 1 * 

M>1S<5) 

STPSS*1 1 

Telemetry  and  Command 
Band 

VHF 

S-band 

S-band 

S-band 

S-band 

Tracking  System 
Compatibility 

STDN 

STDN 

STDN 

STDN 

SGLS 

Uplink  Frequency,  MHz 

148 

2025-2120 

2025-2120 

2025-2120 

1750-1850 

Uplink  Subcarrier 
Modulation 

FCM/FSK/AM/AM 

n.a. 

PCM/FSK/AM/FM 

PSK 

Ternary  FSK  with  AM 

Command  Format 

60  bits 

n.a. 

60  bits 

96  bits* 

43  bits^ 

Command  Bit  Rate 

600  bps 

n.a. 

60  bps 

2K,  IK,  125  bps8 

2  kbps 

Downlink  Frequency, 

MHz 

136 

2280 

2200-2300 

2200-2300 

2200-2300 

Telemetry  Format: 

Word  length 

Minor  frame  length 
Major  frame  length 

8  bits  8  bits 

256  words  128  words 

64  minor  frames  64  minor  frames 

8  bits  . 

128  words 

64  minor  frames 

8  blts(3> 

128  words 

128  minor  frames 

8  bits 

Variable ^  ^ 

Variable^ 

Maximum  Bit  Rate 

1.024  kbpsb 

8.192  kbps 

1  Mbps'5 

64  kbps 

8-128  kbps'1 

Power  Output 

1/4  W 

2  W 

1  W,  housekeeping 

2  W,  experiment 

1.7,  3.5,  or 

7.1  (34 ) 

2  W* 

Communications  Security 

Not  available 

Not  available 

Not  available 

Not  available 

Available 

Antenna  Polarization 

RHCP 

RHCP 

RHCP 

1  with  RHCP  and 

1  with  -LHCP  (34  ) 

riicp(2) 

Memory  Size 

256  words  x  32  bits/word  and 

256  words  x  16  bits/vordc 

256  words  x  32  bits/ 
word  and  256  words 
x  16  bits/word 

16K  bits  x  18 
bits/word* 

8K  words  x 

32  bits/word1" 

Tape  Recorder  Capacity 

None 

None 

4.5  A  108  bits 

Up  to  9  x  10®  or 
up  to  8  x  10^ 

bits  (optional) 

108  bits 

aTw o  version a  of  the  AEM  spacecraft  are  currently  being  designed  by  Boeing:  HCMM  and  SAGE.  The  HCMM  vehicle  uses 
the  VHF  band  for  commands  and  for  housekeeping  telemetry  and  S-band  for  downlink  experimental  data.  The  SAGE  mission 
uses  S-band  for  commands,  telemetry,  and  data. 

Data  rate  during  the  boost  phase  Is  8192  bps. 

cConmands  are  compared  with  words  in  a  256  word,  16  bits/word  PROM  (Programmable  Read  Only  Memory).  Delayed  commands 
are  stored  in  the  remote  cownand  processor,  which  consists  of  a  256  word,  32  bits/word  CMOS/RAM  (Complementary  Metal 
Oxide  Substrate/Random  Access  Memory)  semiconductor  memory  (pp.  1-134  to  1-136  of  Ref.  31). 

^Assumed  the  same  as  the  HCMM  vehicle  because  no  change  is  indicated. 

eTape  recorder  playback  rate.  Real  time  data  rate  Is  limited  to  1  kbps  or  8  kbps.  A  new  encoder  would  be  required 
if  higher  bit  rates  are  needed. 

^Reference  33  lists  the  command  format  as  fixed  at  96  bits  (48  bit  introduction  and  48  bit  command  word).  Page  34  of 
Ref.  5  lists  the  command  format  as  48  bits  (which  can  he  assumed  to  be  only  the  command  word  portion  of  the  total  format). 

®With  use  of  the  2000  bps  conaand  rate,  a  single  5  min  command  contact  per  day  is  required  for  loading  of  commands  in 
the  on-board  computer.  This  cownand  load  will  allow  the  computer  to  operate  the  spacecraft  for  periods  of  24  to  72  hr. 

Mission  selectable. 

*The  MMS  C&DH  computer  includes  storage  for  attitude  control  information,  as  well  as  coanands.  The  STPSS  C&DH  computer 
is  used  only  for  storing  commands,  and  a  separate  computer  handles  attitude  control.  Therefore,  the  apparent  large  dif¬ 
ference  in  the  capacities  of  the  two  C&DH  computers  is  one  of  definition  not  actual  capability. 

^SGLS  Itself  has  variable  comend  formats .  Page  8-3  of  Ref.  1  shows  a  43  bit  format  as  TRW* a  conception  of  what  la 
required . 

^By  changing  subcarriers,  this  can  be  Increased  to  256  kbps.  This  is  SGLS’s  maximum  capacity. 

*Tf  appreciably  higher  data  rates  or  more  services  are  desired,  there  is  provision  for  the  standard  2  W  transmitter  to 
be  used  to  derive  a  higher  power  transmitter  (e.g.,  20  W)  in  the  payload  segment. 

"Stord  length  deduced  from  data  bus  supervisory  line  formats,  p.  8-5  of  Ref.  1. 


chiefly  for  storing  commands  for  later  processing  and  for  verifying 
received  commands  with  those  stored  in  memory. 


DESCRIPTION  OF  STPSS  AND  COMPARISON  WITH  A EM 

The  STPSS  spacecraft  is  designed  for  Air  Force  missions.  It  has 
an  S-band  communication  system  which  can  handle  a  maximum  command  rate 
of  2  kbps  and  telemetry  rates  of  256  kbps.  It  is  SGLS-compatible  and 
uses  ternary  frequency-shift  keying  (FSK)  coding.  An  on-board  computer 
can  handle  stored  commands,  telemetry  storage,  format  control,  and 
memory  dumps.  Data  and  commands  can  be  encrypted  if  necessary. 

The  C&DH  for  the  STPSS  spacecraft  is  far  more  sophisticated  and 
has  a  much  greater  capacity  than  that  on  the  AEM  (see  Table  C-l) .  It 
is  doubtful  if  experiments  of  the  size  that  would  be  carried  on  the  AEM 
would  require  as  sophisticated  a  system  as  presently  envisioned  for  the 
STPSS.  However,  currently  planned  AEM  telemetry  and  control  equipment 
probably  could  not  be  used  because  of  the  basic  incompatibility  of  the 
NASA-STDN  and  AF-SGLS  systems. 

To  make  the  AEM  compatible  with  the  SGLS  system  requires  replacing 
the  S-band  transmitter  and  the  S-band  transponder,  the  command  demodu¬ 
lator,  and  modifying  or  replacing  the  PCM  encoder  and  the  command 
decoder/processor .  Personnel  at  Boeing  indicate  that  the  "black  boxes" 
can  be  replaced  one-for-one  with  SGLS-compatible  equipment  without 
causing  major  spacecraft  redesign.  It  appears  that  SGLS-compatible 
equipment  exists  that  could  be  used  on  the  AEM.  Encryption  and  de¬ 
cryption  units  can  be  added  to  SGLS  equipment  if  required,  but  not  to 
STDN.  There  is  some  question  whether  the  AEM  can  meet  the  signal  isola¬ 
tion  requirements  of  encrypted  missions.  However,  Boeing  personnel 
state  that  an  SGLS-compatible  AEM  can  have  encryption  capability.  Items 
such  as  the  sequencer  timer  and  remote  command  processor  are  one-time 
programmable,  with  the  programming  dependent  on  the  spacecraft  and 
mission,  and  could  be  used  with  the  proper  programming.  The  STPSS' s 
bus  controller,  computer,  and  data  interface  units  are  more  sophisti¬ 
cated  than  anything  currently  on  the  AEM.  The  functions  that  these 
would  handle  on  the  AEM  are  done  as  part  of  the  PCM  encoder  and  the 
command  decoder /processor ,  although  those  done  on  the  AEM  are  simpler. 
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Changes  required  to  make  the  AEM  compatible  with  SGLS  are  summarized 
in  Table  C-2. 

DESCRIPTION  OF  MMS  AND  COMPARISON  WITH  STPSS 

The  MMS  is  a  large  NASA  multimission  modular  spacecraft .  Like 
the  STPSS,  the  C&DH  system  is  capable  of  transmitting  high  data  rates 
and  has  a  computer  on  board  for  data  processing  and  formatting.  How¬ 
ever,  as  is  shown  in  Table  C-l,  the  MMS  and  STPSS  C&DH  systems  differ 
substantially  because  of  the  STDN-SGLS  incompatibilities.  The  uplink 
frequency,  uplink  subcarrier  modulation,  antenna  polarization,  communi¬ 
cation  security  protection,  and  command  format  differences  necessitate 
the  following  changes: 

1.  Replace  the  STDN  transponder  with  an  SGLS  transponder. 

2.  Replace  the  phase-shift  keying  (PSK)  demodulator  with  an 
SGLS  single  conditioner  (includes  PSK  demodulator). 

3.  Modify  the  signal  conditioner  output,  modify  the  command 
decoder  input,  or  add  a  suitable  piece  of  equipment  between 
the  two  to  make  the  signal  conditioner  and  the  command  de¬ 
coder  compatible. 

4.  Redesign  the  MMS  omni  antenna. 

Further  details  on  interchanging  STDN/SGLS  communication  components 
are  summarized  in  Table  C-3.  While  the  differences  between  the  two 
C&DH  systems  are  substantial,  it  is  possible  that  proper  preliminary 
design  of  the  spacecraft  would  enable  communication  black  boxes  to  be 
interchanged  with  minimal  impact.  However,  if  a  decision  is  made  late 
in  the  design  cycle,  substantial  problems  will  most  likely  occur. 
Available  STPSS  equipment  could  be  used  directly  on  the  MMS.  Capabil¬ 
ities  are  similar,  so  sizes,  weights,  and  power  requirements  should  be 
also. 
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Table  C-2 


CS.DH  CHANGES  REQUIRED  TO  RUN  STP  MISSIONS  ON  THE  AEM 


a 

A£M  Equipment 

Changes  to  AEM  for 
STP  Compatibility 

Antennas 

Usable 

Hybrid 

Usable 

) 

Replace**  i 

S-band  transmitter  ! 

( 

i 

S-band  transponder  ) 

\ 

Command  demodulator 

Replace0 

Add  (if  necessary) 

Command  decoder/processor 

Modify  or  replace6 

PCM  encoder 

Modify  (if  necessary) 
Add  (if  necessary)^ 

STPSS  Equipment 

Antenna 

Hybrid 

Receiver 

Transmitter 

Dual  signal  conditioner 
Decryption  unit 

Command  decoder 

Dual  baseband  unit 
Encryption  unit 


Tape  recorder 

Sequencer  timer 1 
Remote  command  processor 


Usable*1 


Modify  (if  necessary) 
Not  on  AEM-i 

Modify^ 

Not  on  AHr 
Usable*" 


Tape  recorder 
Bus  controller  (data 
formatter)* 

Computer 

Data  Interface  unit 
Harness 


aOnly  AEM  S-band  equipi^nt  as  on  the  SAGE  will  be  considered. 

bThe  AEM  spacecraft  uses  one  antenna  and  transmitter  for  experimental 
data  transmission  and  another  antenna  anC  a  transponder  for  receiving  com¬ 
mands  and  broadcasting  housekeeping  Information.  Because  of  differences  in 
the  uplink  frequencies,  at  least  the  receiver  portion  of  the  transponder  must 
be  replaced.  If  the  current  AEM  communication  configuration  is  to  be  main¬ 
tained,  a  transponder  and  a  transmitter  or  two  transmitters  and  one  receiver, 
are  required.  It  may  be  possible  to  use  STPSS  receivers  and  transmitters  on 
the  AEM.  Otherwise,  several  other  SGLS-coapatlble  transmitter/receivers  have 
flown  or  will  fly  on  Fleet  Satellite  Communication  System,  P72-1,  P72-2,  and 
the  S-3. 

cThe  STDN-compatible  ADI  cosnand  demodulator  operates  with  binary  FSK 
coding.  SGLS  uplinks  are  ternary  FSK  so  this  unit  must  be  replaced.  The 
receiver-demodulator  unit  on  the  S3  vehicle  may  be  an  appropriate  replace¬ 
ment  for  the  receiver  and  demodulator  on  the  ADf  (capacity  is  1000  bps) . 

dAEM  requirements  do  not  include  a  secure  uplink.  If  a  secure  uplink  is 
required,  then  a  decrypter  must  be  added  between  the  signal  conditioner  and 
the  command  decoder  and  these  items  modified  accordingly. 


i 


Ik 
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NOTES  TO  TABLE  C-2  (Cont.) 


g 

The  command  decoder  processor  can  be  retained  for  clear  uplinks. 
However,  the  Air  Force  Satellite  Control  Facility  (AFSCF)  command  for¬ 
mat  would  have  to  be  compatible  with  the  decoder  and  new  software  would 
be  required.  This  affects  the  STPSS. 

The  SGLS  ground  system  can  process  PCM  signals,  however,  some  mod¬ 
ification  may  be  necessary  because  the  AEM  uses  biphase  L  Manchester 
coding  and  the  STP  biphase  M.  However,  the  current  AEM  encoder  has  no 
provision  for  dual  baseband,  which  may  or  may  not  be  necessary  for  small 
STP  missions  run  on  the  AEM.  The  STPSS  dual  baseband  unit  is  not  di¬ 
rectly  substitutable  on  the  AEM  because  it  does  not  include  encoding 
provisions.  The  P72-1,  P72-2,  and  S-3  spacecraft  have  had  PCM  encoders 
with  bit  rates  of  8,  32,  and  16  kbps,  respectively.  These  could  prob¬ 
ably  be  used  on  the  AEM  if  higher  data  rates  are  desired. 

sBoeing  personnel  state  that  encryption  is  possible  for  the  AEM  trans¬ 
missions;  there  appears  to  be  some  question  about  signal  isolation, 
however . 

hThe  optional  AEM  tape  recorder  has  a  larger  capacity  than  STPSS. 

*Data  formatting  on  the  AEM  occurs  in  the  PCM  encoder.  Timing  is 
provided  by  the  sequencer  timer.  There  is  no  item  as  sophisticated  as 
the  bus  controller  on  the  AEM;  and  for  small  experiments,  it  is  probably 
not  required.  There  should  be  little  impact  in  setting  the  sequencer 
timer  for  STP  missions.  The  AEM  is  not  capable  of  transmitting  data 
rates  as  high  as  the  STPSS.  Therefore,  experiments  with  real  time  data 
rates  over  8  kbps  cannot  be  run  on  the  AEM. 

^The  AEM  remote  command  processor  is  not  the  same  as  the  STPSS  com¬ 
puter.  The  AEM  processor  is  used  simply  for  verifying  commands  and 
storing  them  for  future  execution.  Modifying  the  remote  control  pro¬ 
cessor  for  SGLS-type  commands  should  not  be  a  major  undertaking  because 
commands  are  unique  to  a  given  spacecraft  and  its  mission  anyway. 

It 

Experimental  data  on  the  AEM  go  directly  to  the  PCM  encoder.  Data 
interface  units  are  not  really  necessary  on  the  small  spacecraft. 

Boeing  says  that  the  AEM  spacecraft  can  be  modified  for  SGLS  com¬ 
parability  merely  by  replacing  black  boxes. 
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Table  C-3 

C&DH  CHANGES  REQUIRED  TO  RUN  STP  MISSIONS  ON  THE  MMS 


MMS  Equipment 

Changes  to  MMS  for 

STP  Compatibility 

STPSS  Equipment 

Payload  nodule 

Antenna 

Payload  module6 

Hybrid 

Diplexer 

I 

r  Diplexer 

Replace** 

J 

) 

Receiver 

Transponder  / 

i 

[  Transmitter 

) 

Payload  module6 

Switch 

PSK  demodulator 

Replace6  ^ 

Add  (if  necessary)6 

Dual  signal  conditioner 
Decryption  unit 

Central  command  decoder6 

Modify  or  replace1 
(software  change) 

Command  decoder 

Premodulation  processor 

Replace8  h 

Add  (if  necessary) 

Dual  baseband  unit 
Encryption  unit 

Tape  recorder 

Data  bus  controller6  \ 

Usable1 

Tape  recorder 

Clock  and  format  generator6! 

Usable^ 

Bus  controller  (data 
formatter) 

Standard  computer  interface/ 
Computer 

Usable* 

Computer 

Remote  unit 

Usable1, 

Data  interface  unit 

Harness  and  connectors 

Usable  with  proper 
design1" 

Harness 

Signal  conditioning  and 
control  unit 

Unique  and  necessary" 
to  MMS  vehicle 

aThe  antenna  or  antennas  and  their  components  are. considered  payload-unique 
on  the  MMS.  The  requirement  for  hybrids  and  switches  would  depend  on  the  exact 
placement  and  design  of  the  MMS  antenna  system.  It  can  be  assumed  that  for 
Space  Test  Program  missions  that  the  STPSS  antenna  can  be  used  on  the  MMS. 

^Because  of  differences  in  uplink  frequencies,  the  STDN  transponder  cannot 
be  used  for  SGLS.  Reference  1  shows  a  receiver  and  transmitter  rather  than  an 
integrated  transponder;  however,  these  could  be  combined  into  an  SGLS  transponder 

cThe  modulation  differences  necessitate  replacing  the  PSK  demodulator  with 
an  SGLS  signal  conditioner,  which  includes  an  FSK  demodulator. 

**STPSS  system  requirements  do  not  include  a  secure  uplink.  However,  if  a 
secure  uplink  is  to  be  considered,  it  is  then  necessary  to  add  a  decrypter 


NOTES  TO  TABLE  C-3  (Cont.) 


between  the  signal  conditioner  (that  replaces  the  MMS  PSK  demodulator) 
and  the  command  decoder.  A  KIR  23  would  be  considered  appropriate  for 
STPSS  missions.  The  KIR  23  output  and  the  decoder  input  would  have  to 
be  made  compatible  by  modifying  the  decoder  input  or  adding  a  suitable 
piece  of  hardware.  Further,  uplink  communications  security  equipment 
imposes  constraints  on  the  command  word  format,  which  in  turn  influences 
the  decoder.  Hence,  if  a  secure  uplink  is  employed,  it  would  be  neces¬ 
sary  to  modify  the  MMS  decoder  so  that  it  is  compatible  with  the  com¬ 
munications  security  unit. 

eThese  items  form  the  STACC  (Standard  Telemetry  and  Command  Compo¬ 
nents)  central  unit  as  shown  in  Ref.  35. 

^The  MMS  command  decoder  can  be  retained  for  clear  uplinks.  However, 
the  AFSCF  command  format  would  have  to  be  compatible  with  the  decoder 
and  new  software  is  required.  The  decoder  could  also  be  replaced  with 
the  STPSS  one. 

®The  premodulation  processor  (PMP)  generates  a  1.024  Mllz  subcarrier, 
which  is  modulated  by  the  telemetry  data  stream.  The  MMS  ranging  signal 
is  not  combined  with  the  subcarrier  in  the  PMP  but  is  combined  in  the 
transponder;  SGLS  transponders  usually  do  not  accomplish  the  combining 
in  the  transponder  (unless  the  transponder  performs  the  baseband  as¬ 
sembly  function).  The  PMP  can  be  retained  if  the  SGLS  transponder  in¬ 
corporated  in  the  MMS  departs  from  normal  practice  and  combines  the 
ranging  signal  with  the  subcarrier.  If  the  SGLS  transponder  selected 
performs  the  baseline  assembly  function,  the  PMP  will  not  be  required. 
The  PMP  also  includes  electronics  for  TDRSS  compatibility  which  would 
serve  no  useful  purpose  on  satellites  communicating  with  the  satellite 
control  facility.  It  is  desirable  that  a  baseband  assembly  unit  be 
substituted  for  the  PMP. 

SGLS  has  a  capability  of  using  two  subcarriers.  The  need  for  two 
subcarriers  at  most  is  infrequent;  the  penalty  for  the  capability  of 
having  two  is  also  small.  While  it  cannot  be  demonstrated  at  this  time 
that  two  subcarriers  are  necessary,  the  capability  of  having  two  sub¬ 
carriers  available  as  an  option  is  desirable. 

^Most  STP  missions  do  not  require  secured  downlink;  thus  the  basic 
MMS  configuration  for  STP  application  need  not  have  communications 
security  equipment.  However,  the  communications  system  design  must  be 
such  that  it  can  readily  accept  communications  security  equipment  with¬ 
out  costly  modifications.  For  those  missions  requiring  secured  down¬ 
link,  communications  security  equipment  must  be  added  to  the  MMS  be¬ 
tween  the  telemetry  format  generator  and  the  premodulation  processor 
for  downlink  protection.  A  KG-46  is  considered  to  be  appropriate  for 
STP  programs  and  is  expected  to  be  available  in  time  for  use  on  the 
MMS.  The  spacecraft  must  comply  with  Tempest  requirements  to  protect 
the  classified  data.  Proper  design  practice  will  provide  a  high  de¬ 
gree  of  confidence  that  Tempest  requirements  can  b&  satisfied  with 
little  or  no  modification.  There  should  be  90  dB  isolation  between 
the  data  and  the  clock,  the  input  and  output  signal  leads  should  be 
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well  shielded,  and  Che  input  and  output  signal  leads  should  be  run  in 
separate  cables  and  connectors.  The  encryption  unit  would  be  GFE. 

*The  MMS  tape  recorder  has  a  larger  capacity  than  the  STPSS  one  and 
so  should  satisfy  all  Space  Test  Program  missions. 

^The  MMS  telemetry  format  and  data  rates  offer  a  great  deal  of  flex¬ 
ibility  and  can  be  used  by  STP;  they  will  probably  accommodate  a  large 
percentage  of  the  payloads.  However,  there  may  be  some  penalties  in¬ 
volved  in  accepting  the  fixed  minor  frame  length  (128  words),  the  fixed 
number  of  subcommutated  words  (4),  and  the  fixed  major  frame  length  (128 
minor  frames).  Supercommutation  of  the  minor  frame  words  and/or  of  the 
subcommutated  data  is  provided  in  the  MMS  design  and  will  add  the  flex¬ 
ibility.  A  recent  change  to  the  MMS  clock  will  permit  data  rates  of  128 
and  256  kbps. 

kThe  MMS  computer  is  larger  than  that  of  the  STPSS  because  it  handles 
attitude  control  as  well  as  C&DH.  However,  there  is  adequate  room  in 
the  MMS  computer  for  STP  data  handling. 

jj, 

The  MMS  remote  unit  is  usable  for  STP  missions  assuming  that  the 
data  bus  controller,  clock  and  format  generator,  and  standard  computer 
interface  used  is  that  of  the  MMS.  Using  the  STPSS  bus  controller  rather 
than  these  units  would  require  using  an  STPSS  data  Interface  unit. 

mAssumes  an  initially  compatible  design. 

"involved  with  solar  panel  deployment  on  MMS  and  is  required.  The 
STPSS  vehicle  has  nothing  comparable.  It  can  be  assumed  that  the  changes 
that  must  be  made  in  the  decoder  will  not  jeopardize  this  function. 
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Appendix  D 

ATTITUDE  CONTROL  AND  STABILIZATION  SUBSYSTEM: 
A  COMPARISON  OF  AEM,  STPSS,  AND  MMS 
by 

T.  B.  Garber 


The  function  of  the  attitude  control  and  stabilization  system  is 
to  provide  the  means  of  orienting  the  satellite  in  some  specific  atti¬ 
tude  and  then  to  maintain  that  orientation  with  acceptable  angle  and 
angular  rate  errors.  In  addition,  the  stabilization  and  control  sys¬ 
tem  should  also  be  able  to  provide  the  information  necessary  for  after- 
the-fact  attitude  determination. 

Table  D-l  presents  the  performance  specification  and  the  physical 
characteristics  of  the  attitude  control  systems  that  have  been  proposed 
for  three  spacecraft,  NASA’s  AEM  and  MMS,  and  the  Air  Force’s  STPSS. 

In  the  case  of  the  STPSS  design,  three  different  attitude  control  sys¬ 
tems  can  be  incorporated  into  the  spacecraft  depending  upon  the  level 
of  performance  required. 

Of  the  three  spacecraft  designs,  that  of  the  AEM  is  the  most  firm. 
As  can  be  seen  from  Table  D-l,  the  performance  requirements  of  the  AEM 
attitude  control  system  are  quite  modest.  The  performance  of  the  AEM 
control  system  should,  under  normal  conditions,  exceed  the  specifica¬ 
tions,  with  pointing  errors  roughly  one-half  those  shown. 

Basically,  the  AEM  spacecraft  is  lnertially  stabilized  in  roll 
and  yaw  by  virtue  of  the  angular  momentum  of  a  wheel  spinning  about 
the  pitch  axis,  normal  to  the  orbital  plane.  Control  of  the  spacecraft 
about  the  pitch  axis  is  achieved  by  modulating  the  pitch  wheel's  angular 
rate.  Errors  in  the  spacecraft's  pitch  and  roll  attitudes  are  detected 
by  a  horizon  scanner. 

To  remove  the  small  roll  and  yaw  errors  that  result  from  both  ex¬ 
ternal  and  internal  disturbances,  electromagnets  are  used  to  generate 
the  necessary  torques.  A  three-axis  magnetometer  provides  the  required 
knowledge  of  the  earth's  magnetic  field  vector.  In  addition  to  damping 
precessional  and  nucational  spacecraft  motion,  the  electromagnets  also 
provide  the  necessary  torque  to  unload  the  pitch  wheel  (desaturation). 
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Table  D-l 

ATTITUDE  CONTROL  AND  STABILIZATION  SYSTEMS 


Characterise let  and 
Specifications 

STPSS 

AEM 

I 

II 

III 

MMS 

Type  of 

Precision 

Precision 

Stabilization 

Three-Axis 

Spin 

Three-Axis 

Three-Axis 

Three-Axis 

Performance: 

Attitude  control 

±1*  pitch, 
roll 
±2*  yaw 

l*-2* 
spin  axis 

l*-2* 
all  axes 

0.1* 

all  axes 

Less  than 

0.01* 
all  axes 

Rate  control 

±0.01*/sec 
all  axes 

O.OlVsec 

0.003 "/sec 

Less  than 
10-6*/sec 
all  axes 
(long  term) 

Attitude 

determinat ion 

±0.5* 

pitch,  roll 
±2*  yaw 

0.2“-0.4* 

0.02* 

Control  Torques: 

RCS 

None 

Cold  gas, 

n2 

Cold  gas, 

n2 

N2;  N2Ha 
option 

Hydrazine 

(optional) 

Momentum  wheels 

Pitch  bias 
wheel,  roll 
wheel  option 

None 

None 

3,  re¬ 
action 

4,  reaction 
wheels 

Electromagne  ts 

3 

None 

Option 

Option 

3,  pitch, 
roll ,  yaw 

Mutation  damper 

None 

1 

None 

None 

None 

Sensors : 

Earth 

Mounted  on 
pitch  wheel 

1 

2V  conical 
scan 

None 

None 

Sun 

3  head  sun 

sensor 

1 

2 

2 

Both  fine 
and  coarse 
(solar  array) 

Star 

None 

None 

None 

2  strapdown 
trackers 

2  strapdown 
trackers 

Magnetic 

3  axis 

magnetometer 

None 

Option 

Option 

3  axis 

magnetometer 

Gyros 

None 

None 

2  rate 

4  rate 
(1  standby) 

3  axis  + 
redundancy 

Accelerometers 

1 

None 

None 

None 

None 

Miscellaneous: 

Computer 

Minimal 

None 

Yes,  dedl- 
csted 

Yes,  dedi¬ 
cated 

Yes,  shared 

Control  system  weight 

29  lb 

95  lb 

165  lb 

289  lb 

253  lb  (not 
Including  NjR, 

RCS  weight) 
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The  AEM  attitude  control  system  does  not  include  reaction  jets  as 
a  means  of  torque  generation.  Thus  there  are  no  limits  on  operational 
lifetimes  due  to  fuel  considerations.  However,  magnetic  torques  are 
relatively  weak  and  as  a  consequence  control  time  constants  tend  to  be 
large — on  the  order  of  an  orbital  period.  Also,  magnetic  torques  de¬ 
crease  with  increasing  altitude  and  for  the  AQi  design,  they  become 
Ineffective  for  altitude  in  excess  of  1000  n  mi. 

The  simplest  of  the  STPSS  designs  utilizes  spin  stabilization. 

Thus,  ideally,  the  spin  axis  of  the  vehicle  is  inertially  fixed.  Ho 

* 

provisions  are  made  for  a  despun  platform.  A  mechanical  nutation 
damper  is  provided  to  remove  unwanted  spin  axis  wobble  and  cold  gas 
jets  are  used  to  reorient  or  stabilize  the  direction  of  the  spin  axis. 
Sun  and  earth  sensors  are  used  for  attitude  determination. 

The  second  STPSS  design  is  a  low-cost,  three-axis  system  with  per¬ 
formance  specifications  similar  to  those  of  the  AEM  spacecraft  (see 
Table  D-l).  The  attitude  control  system  of  this  version  of  the  STPSS 
differs  from  that  of  the  AEM  in  that  a  pitch  momentum  wheel  is  not 
used  to  provide  roll-yaw  stabilization  and  cold  gas  reaction  jets  are 
the  primary  means  of  generating  control  torques.  Two  conical  scan 
earth  sensors  provide  pitch-roll  attitude  information,  while  a  rate 
gyro  is  used  to  detect  yaw  attitude  errors. 

Since,  without  a  pitch  momentum  wheel,  this  version  of  STPSS  does 
not  have  any  Inherent  stability,  disturbances  from  either  internal  or 
external  torques  must  be  countered  by  the  reaction  control  system. 

For  low  altitude  orbits  where  aerodynamic  and  gravity  gradient  dis¬ 
turbance  torques  can  be  large,  control  system  fuel  requirements  for 
a  one-year  mission  might  be  excessive.  This  situation  could  be  al¬ 
leviated  by  adding  electromagnetic  torques  and  a  magnetometer  to  the 
control  system  so  that  almost  continuous  use  of  the  reaction  jets 
would  not  be  necessary. 

The  third  version  of  the  STPSS  is  designed  to  attain  precise 
pointing  accuracies  and  rate  control.  To  Improve  performance  relative 
to  the  low-cost  three-axis  design,  two  star  trackers,  two  rate  gyros. 

In  essence,  the  body  of  the  AEM  spacecraft  Is  a  despun  platform 
with  the  pitch  wheel  inertially  stabilized. 
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and  three  reaction  wheels  are  added  to  the  stabilization  and  control 
system  and  the  two  earth  sensors  are  removed.  Also,  with  the  addition 
of  the  star  trackers,  a  star  catalog  and  the  spacecraft’s  ephemeris 
must  be  ground-supplied  periodically  and  thus  an  on-board  computer 
becomes  mandatory.  Pointing  accuracies  of  0.05  deg  per  axis  can  be 
expected  from  the  precision  STPSS  design. 

Unlike  the  AEM  design,  the  three  reaction  wheels  of  the  precision 
STPSS  have  no  momentum  bias  and  are  used  only  to  provide  reaction  con¬ 
trol  torques.  The  primary  function  of  the  cold  gas  reaction  jet  system 
is  to  unload  the  wheels  when  they  approach  saturation.  As  in  the  case 
of  the  low-cost  STPSS  design,  electromagnetic  torques  and  a  magnetometer 
could  be  added  as  a  supplement  to  the  cold  gas  system  if  secular  dis¬ 
turbance  torques  become  a  problem. 

The  final  spacecraft  design  to  be  considered  is  MMS.  The  attitude 
control  system  of  this  spacecraft  is  very  similar  to  that  of  the  pre¬ 
cision  STPSS.  The  major  difference  is  that  the  MMS  uses  electromagnetic 
torques  to  unload  the  reaction  wheels  rather  than  a  jet  reaction  system. 
However,  a  hydrazine  jet  reaction  system  can  be  added  as  an  option. 

The  pointing  accuracy  specification  of  the  MMS  is  ±0.01  deg  per 
axis,  which  is  better  by  a  factor  of  five  than  that  claimed  for  the 
precision  STPSS.  Since  the  same  model  strap-down  star  tracker  assembly 
is  proposed  for  both  the  MMS  and  the  precision  STPSS,  the  superior  per¬ 
formance  projected  for  the  MMS  must  result  from  either  a  better  gyro 
reference  unit  or  more  frequent  stellar  updates. 

Considering  the  relatively  modest  STPSS  attitude  control  perfor¬ 
mance  specifications,  it  is  apparent  that  all  five  spacecraft  designs 
of  Table  D-l  are  well  within  the  state  of  the  art.  In  all  cases  the 
major  components  that  have  been  selected,  such  as  earth  sensors,  re¬ 
action  wheels,  or  star  trackers,  are  developed  items  of  equipment  with 
a  history  of  previous  spacecraft  use .  The  AEM  and  the  STPSS  spin- 
stabilized  configuration  have  the  least  complex  attitude  control  systems 
while  the  precision  STPSS  and  MMS  vehicles  have  the  most  complex  systems 
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Appendix  E 

REACTION  CONTROL/ PROPULSION  SUBSYSTEM: 
A  COMPARISON  OF  A EM,  STPSS,  AND  MMS 
by 

J.  R.  Hiland 


Comparative  technical  evaluations  were  made  for  the  reaction 
control/propulsion  subsystems  contained  in  the  three  basic  spacecraft 
designs  discussed  in  this  study.  There  are  two  versions  of  the  AEM 
spacecraft:  HCMM  and  SAGE.  The  STPSS  designs  encompass  three  basic 
configurations:  (1)  spin  stabilized,  (2)  three-axis  stabilized  (low- 

cost),  and  (3)  three-axis  stabilized  (precision).  The  MMS  spacecraft 
is  a  single  three-axis  stabilized  design  that  can  employ  several  sub¬ 
system  options  within  this  basic  categorization. 

The  reaction  control/propulsion  subsystems  discussed  herein  use 
either  cold  gas  (GN^)  or  hydrazine  (N^^)  as  the  propellant  and  per¬ 
form  functions  such  as  spacecraft  stabilization,  reaction  wheel  un¬ 
loading,  orbit  adjustment,  and  orbit  transfer.  Solid  propellant  rocket 
motors,  which  in  some  cases  are  also  used  for  stabilization  and  orbit 

* 

transfer,  are  considered  separately  and  not  included  in  this  discussion. 
Cold  gas  and  hydrazine  RCSs  consist,  essentially,  of  the  same  basic 
components,  i.e.,  tank(s),  fill  and  drain  valves,  isolation  valves, 
pressure  regulator  and/or  transducer,  filters,  thrusters,  plumbing, 
and,  in  cases  where  the  RCS  is  a  separate  module,  some  mounting  struc¬ 
ture  and  electrical  harness.  In  this  analysis,  when  the  RCS  is  a 
secondary  subsystem  to  a  particular  spacecraft  module  (usually  orienta¬ 
tion  or  attitude  control  system),  the  structure  and  harness  is  assumed 
accountable  to  the  primary  subsystem.  The  primary  difference  In  cold 
gas  versus  hydrazine  system  components  is  in  their  relative  complexity 
and  hence  cost.  Other  potential  differences  in  degree  of  technological 
development  within  a  given  propellant  type  have  essentially  been  nullified 

In  this  study,  the  stable  of  solid  rocket  motors  described  in 
Ref.  1  were  used  for  the  kick  stages  to  provide  orbit  translation  and 
circularization . 


J 


-143- 


by  the  commonly  adopted  design  goal  of  using  flight-proven  components 
where  possible  for  the  RCSs  evaluated. 

Table  E-l  shows  component  breakdowns  of  the  RCS  for  the  various 
versions  of  the  three  spacecraft  and  is  used  as  a  basis  for  the  dis¬ 
cussion  that  follows.  The  development  status  of  a  component  is  indi¬ 
cated  by  either  a  P  for  flight-proven,  PM  for  flight-proven  but  requiring 
some  modification  for  the  subject  applications,  or  N  if  the  item  repre¬ 
sents  new  hardware,  such  as  plumbing  or  structure.  For  costing  purposes 
in  this  exercise,  however,  new  plumbing  or  structure  can  probably  be 
treated  as  flight-proven,  since  the  technology  involved  is  not  new;  only 
the  tailoring  of  these  items  for  each  specific  configuration  is  required. 

DESCRIPTION  OF  THE  AEM  REACTION  CONTROL  SYSTEM 

Only  the  HCMM  version  of  the  AEM  uses  a  reaction  control  system 
and  it  is  a  small  hydrazine  system  packaged  as  a  separate  module.  This 
orbit  adjust  subsystem  provides  a  nominal  262.4  ft/sec  velocity  correc¬ 
tion  capability  with  the  maximum  spacecraft  weight  of  285.5  lb  to  cir¬ 
cularize  the  orbit  and  minimize  nodal  drift.  All  components  are  flight- 
qualified  and  currently  in  production.  The  single  0.287  lb  thrust 
chamber  is  from  the  NASA/GSFC  IUE  program  and  the  propellant  flow  con¬ 
trol  valve  (included  as  part  of  the  total  thruster  assembly)  will  consist 
of  two  single-seat  Wright  Components,  Inc.,  valves  welded  together  in  a 
series  redundant  configuration,  each  valve  seat  being  controlled  by  a 
separate  coil.  The  dual  version  valve,  while  a  minor  modification,  has 
been  tested  by  Hamilton  Standard  and  is  expected  to  meet  all  require¬ 
ments.  The  hydrazine  tank  with  elastomeric  diaphragm  is  from  the  IUE 
program  and  needs  only  very  minor  modifications  to  the  plumbing  and 
mounting  connections.  The  rest  of  the  RCS  is  quite  straightforward. 

DESCRIPTION  OF  THE  STPSS  COLD  GAS  REACTION  CONTROL  SYSTEM 
AND  COMPARISON  TO  AEM 

There  are  two  cold  gas  RCSs  contemplated  for  the  STPSS.  The  three- 
axis  version  shown  in  Table  E-l  uses  twelve  0.1  lb^,  thrusters  in  both 
the  low-cost  and  precision  orientation  modules  for  on-orbit  control  and 
reaction  wheel  unloading.  The  spin  control  module  of  the  spin-stabilized 
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Table  E-l 

RCS  SYSTEM  COMPONENT  BREAKDOWN 


Unit 

Total 

Total 

Weight 

Weight 

Cost 

Item 

Quantity 

Size 

Status3 

(lb) 

(lb) 

($) 

AEM-HCMM ,  Orbit 

Adjust  Modu 

le.  Hydra 

izine 

Tanks 

1 

9.6"  dia. 

P 

2.7 

2.7 

(400  psi) 

Thrusters 

1 

0.287  lbj, 

PM 

0.8 

0.8 

Valves 

Drain  and  fill 

2 

P 

0.15 

0.3 

Isolation 

Miscellaneous 

Press,  regul. 

Press,  transd. 

1 

P 

0.6 

0.6 

Filters 

Plumbing 

N 

0.7 

Structure 

N 

3.8 

Total  dry  weight,  lb 

8.9 

Propellant  weight,  lb 

10.6 

Total  wet  weight,  lb 

19.5 

STPSS  3 

-Axis,b  Orientation  Module,  Cold  Gas 

Tanks 

2 

13"  dia. 

BSpti 

17.0 

34.0 

30K 

(4000  psi) 

Thrusters 

12 

0.1  ibF 

I  vl 

0.5 

6.0 

60K 

Valves 

Drain  and  fill 

1 

0.1 

0.1 

Isolation 

4 

0.4 

1.6 

Miscellaneous 

60K 

Press,  regul. 

2 

1.2 

2.4 

Press,  transd. 

1 

| mm. 

0.2 

0.2 

Filters 

1 

H . . 

0.3 

0.3 

Plumbing 

N 

2.0 

2.0 

Structure 

Total  dry  weight,  lb 

46.6 

150KC 

Propellant  weight,  lb 

18.4 

Total  wet  weight,  lb 

65.0 

STPSS  3-Axis  and  Orbit  Transfer,  Transfer/Orienti 

Btlon  Module,  Hydrazine 

Tanks 

36"  dia. 

PMd 

56.0 

56.0 

80K 

Thrusters 

0.1  lb 

Pe 

0.5 

6.0 

240K 

4  lbF 

0.6 

2.4 

100K 

300  lbF 

50.0 

50.0 

125K 

Valves 

Drain  and  fill 

2 

0.25 

0.25 

Isolation 

Miscellaneous 

3 

H 

0.8 

2.4 

100K 

Press,  regul. 

Press,  transd. 

1 

■ 

0.4 

0.4 

Filters 

1 

0.3 

0.3 

Plumbing 

Structure 

N 

6.0  ' 

6.0 

f 

Total  dry  weight,  lb 

124.0 

645f 

Propellant  weight,  lb 

666.0 

Total  wet  weight,  lb 

1 

1 _ 

790.0 

MMS-SPS-1 ,  Propulsion  Module ,  Hydrazine 


Tanks 

Thrusters 


Valves 

Drain  and  fill 
Isolation 
Miscellaneous 
Press .  regul . 

Press,  transd. 
Filters 
Plumbing 
Harness 
Structure 

Total  dry  weight,  lb 
Propellant  weight,  lb 
Total  wet  weight,  lb 


1* 

12 

0.2  lb- 

4 

5  1b/ 

2 

4 

2 

2 

25  ft 

Thrusters 


MMS-SPS-II,  Propulsion  Module,  Hydrazine 


36"  dla. 

*  55.5 
cylindri¬ 
cal 

0.2  lb_ 

5  lb„ 


Valves 

Drain  and  fill 
Isolation 
Miscellaneous 
Press,  regul. 

Press,  transd. 
Filters 
Plumbing 
Harness 
Structure 

Total  dry  weight,  lb 
Propellant  weight,  lb 
Total  wet  weight,  lb 


aP  »  flight-proven;  PM  •  flight-proven  but  requires  some  modification; 

N  •  new  hardware. 

**Spln  module  cold  gas  system  is  same  as  three-axis  except  uses  8  thrusters 
of  4  lbp  each,  which  weigh  and  cost  the  same  (0.5  lb/$5K  each).  System  dry 
weight  is  reduced  by  2  lb. 

CTRW  estimates  that  S100-150K  should  be  added  to  this  value  for  integration 
and  test  costs. 

dUses  2  end  forgings  from  Viking  Orbiter  tank  and  existing  elastomeric 
diaphragm. 

cFlight-qualif led  but  have  not  flown. 

*TRW  estimates  that  S200-300K  should  be  added  to  this  value  for  integration 
and  test  costs. 

*SPS-I  csn  employ  1,  2,  3,  or  4  tanks  providing  propellant  weights  of  55, 
110,  165,  or  220  lb  and  corresponding  system  dry  weights  of  75,  87.2,  99.4,  or 
111.6  lb. 

^Includes  propulsion  module  etructure,  drive  electronics,  remote  Interface 
unit,  CM j  **>d  miscellaneous. 

Existing  flight -quail fled  tank  developed  for  Viking  Orbiter  (VO-75)  but 
will  replace  surface  tension  expulsion  device  with  sn  elastomeric  (AF-E-332) 
bladder. 
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version  of  the  STPSS  uses  the  same  cold  gas  system,  except  that  the 
twelve  0.1  lbg  thrusters  are  replaced  with  eight  4  lbF  thrusters  of 
the  same  basic  configuration.  The  unit  weights  and  costs  of  these 
thrusters  are  estimated  to  be  the  same  as  the  three-axis  units.  All 
components  in  both  cold  gas  systems  are  flight-proven. 

While  the  component  development  status  of  both  the  AEM  hydrazine 
system  and  the  STPSS  cold  gas  systems  appears  to  be  about  the  same,  dif¬ 
ferent  costing  bases  will  be  required  to  reflect  the  relative  degrees 
of  component  complexities  between  them,  particularly  for  tanks  and 
thrusters.  Hydrazine  tanks  typically  use  diaphragms  or  bladders  for 
propellant  expulsion  and  gaseous  nitrogen  (G^)  for  pressurization  and 
require  two  drain  and  fill  valves  per  tank.  Cold  gas  tanks  simply  con¬ 
tain  GN^  under  high  pressure  (in  this  case,  4000  psia)  thus  eliminating 
the  diaphragm/bladder  and  one  drain  and  fill  valve.  Hydrazine  thruster 
assemblies  typically  consist  of  propellant  flow  control  valves,  injector 
thermal  standoff  and  capillary  feed  tubes,  catalytic  decomposition 
chamber,  injector,  thrust  nozzle,  heaters  (for  thrust,  chamber,  valves, 
and  catalyst  bed),  temperature  sensors,  and  in  some  cases,  filters  and 
cavitating  venturis;  whereas  cold  gas  thruster  assemblies  consist 
essentially  of  solenoid  valves  and  a  thrust  nozzle.  Hence,  a  sizable 
component  cost  differential  is  justifiable  between  these  two  types  of 
RCSs,  as  well  as  some  anticipated  difference  in  system  Integration  and 
test  costs. 

DESCRIPTION  OF  THE  STPSS  ALTERNATIVE  HYDRAZINE  REACTION  CONTROL  SYSTEM 
AND  COMPARISON  TO  AEM 

An  alternative  to  the  STPSS  three-axis  version  spacecraft  is  to 
use  a  transfer/orientation  module  in  place  of  the  cold  gas  equipped 
orientation  module  and  solid  rocket  propulsion  for  orbit  transfer. 

This  transfer /orientation  module  contains  (in  addition  to  attitude 
control  system  equipment)  a  hydrazine  RCS  to  perform  all  of  the  space¬ 
craft  functions,  such  as  three-axis  stabilization,  reaction  wheel  un¬ 
loading,  and  orbit  transfer  and  adjustment.  Table  E-l  shows  the  com¬ 
ponent  breakdown  for  this  system. 

The  36-in.  diameter  spherical  tank  will  be  fabricated  using  the 
end  forgings  from  the  Viking  Orbiter  tank  and  incorporating  an  existing 
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flight-proven  elastomeric  diaphragm.  The  0.1  lb  thrusters  are  flight- 

r 

proven.  The  300  lb^,  thruster,  as  purchased,  has  a  very  heavy  valve  and 
gimbal  mount  assembly,  which  will  be  removed  for  this  application.  The 
$125K  cost  shown  in  Table  E-l  is  the  estimate  after  these  changes. 

In  comparison  to  the  AEM  hydrazine  system,  this  RCS  is  larger 
(employs  more  components  and  of  larger  unit  size)  but  is  basically  the 
same  technologically;  the  required  fabrication  modifications  and  the 
indicated  deviations  from  flight-proven  status  appear  not  of  significant 
magnitude  to  warrant  much,  if  any,  variation  in  the  costing  basis 
employed. 

DESCRIPTION  OF  THE  MMS  REACTION  CONTROL  SYSTEM 
AND  COMPARISON  TO  STPSS 

Two  hydrazine  RCS/propulsion  systems  have  been  configured  to  accom¬ 
modate  the  various  missions  being  considered  for  the  MMS.  The  first, 
SPS-I,  meets  the  orbit  adjust  and  reaction  control  requirements  for 
spacecraft  in  the  2500  lb  class  that  would  be  launched  by  a  Delta  2910. 
The  second,  SPS-II,  meets  the  requirements  of  orbit  transfer,  orbit 
adjust,  and  reaction  control  for  spacecraft  in  the  4000  to  10,000  lb 
class  and  would  be  used  only  by  missions  that  are  shuttle-launched. 
Component  breakdowns  of  each  system  are  shown  in  Table  E-l. 

The  SPS-I  system  can  use  1,  2,  3,  or  4  of  the  tanks  shown  to  pro¬ 
vide  propellant  capacities  of  55,  110,  165,  or  220  lb,  depending  upon 
specific  mission  requirements.  Two  additional  fill  and  drain  valves 
and  a  filter  and  pressure  transducer  (totaling  2.0  lb)  are  required 

A 

with  each  additional  tank.  As  indicated,  all  components  in  the  SPS-I 
system  are  flight-proven  or  flight-qualified  except  for  plumbing, 
harness,  and  structure,  and  for  costing  purposes  these  items  can  prob¬ 
ably  be  treated  as  flight-ready  per  earlier  discussions.  The  total 
SPS-I  system  is  estimated  to  have  a  nonrecurring  cost  of  $900K  and  a 
recurring  cost  of  $600K. 

The  SPS-II  system  is  the  same  as  SPS-I  except  that  it  uses  a  large 
single  cylindrical  tank  and,  hence,  requires  more  structure.  The  tank 


Efforts  are  under  way  to  do  without  these  items  as  tanks  are 


added 
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(36  In.  In  diameter  by  55.5  In.  In  length)  Is  an  existing  flight- 
qualified  design  that  was  developed  for  the  Viking  Orbiter  (VO-75) 
program.  It  presently  has  a  surface  tension  device  for  propellant 
expulsion,  which  will  most  likely  be  replaced  with  an  elastomeric 
(AF-E-332)  bladder.  Such  replacement  would  entail  about  a  25  percent 
modification  to  the  overall  tank  assembly.  As  indicated  in  Table  E-l, 
the  structure  weight  is  increased  from  29  lb  to  81  lb  compared  to 
SPS-I.  However,  it  should  be  noted  that  these  weights  include  propul¬ 
sion  module  structure,  drive  electronics,  remote  interface  unit,  GN^, 
and  other  miscellaneous  items;  hence,  some  care  in  cost  bookkeeping 
appears  warranted  for  both  the  SPS-I  and  SPS-II  systems.  The  total 
SPS-I  system  costs  are  estimated  to  be  $500K  nonrecurring  and  $750K 
recurring  on  the  basis  that  the  SPS-I  system  will  be  built  first. 

In  comparing  these  two  MMS  hydrazine  systems  with  the  STPSS  cold 
gas  systems,  the  same  comments  apply  as  presented  earlier  in  the  com¬ 
parison  of  STPSS  cold  gas  systems  and  the  AEM  hydrazine  system,  i.e., 
a  different  cost  base  is  required  for  cold  gas  hydrazine  components. 
With  respect  to  the  STPSS  hydrazine  system,  the  same  cost  base  should 
apply  with  perhaps  some  minor  adjustments  for  the  required  component 
modifications  noted  herein.  Moreover,  the  0.2  lbp  and  5  lbp  thrusters 
of  the  MMS  systems  are  estimated  at  $12K  each  compared  to  $20K  and  $25K 
each  for  the  0.1  lbp  and  4  lbp  thrusters  in  the  STPSS  hydrazine  system. 
This  difference  is  probably  reconcilable  on  the  basis  that  the  MMS 
thrusters  have  single-seat/single-coil  propellant  flow  control  valves 
versus  dual-seal/dual-coil  valves  in  the  STPSS  thrusters  and  perhaps 
less  contractor  testing  and  paperwork  required,  since  the  MMS  thrusters 
are  standard  NASA  items. 
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Appendix  F 

STRUCTURAL  SUBSYSTEM:  A  COMPARISON  OF  A EM,  STPSS,  AND  MMS 

by 

M.  M.  Balaban 


AEM  STRUCTURAL  SUBSYSTEM 

(31  36  37) 

The  principal  elements  of  the  AEM  *  *  structural  subsystem  that 

are  of  interest  for  a  shuttle  application  consist  of  a  base  module  and 
an  Instrument  module.  The  base  module  structure  contains  support  sub¬ 
systems  for  the  HCMM  and  SAGE  missions,  including  all  appendages  and 
mechanisms  to  support  these  subsystems.  The  differences  between  these 
missions  have  no  effect  on  the  primary  structural  subsystem. 

The  base  module  consists  of  an  18  in.  long  hexagonal  body  with 
six  longerons  tied  to  a  7  in.  conical  structure  that  mates  with  a  stand¬ 
ard  Scout  series  25E  adapter.  Open  truss  bulkheads  rigidize  each  end 
of  the  hexagonal  enclosure.  This  design  provides  approximately  7.3 
sq  ft  of  usable  flat  surface  for  experiment  mounting. 

The  structural  elements  of  the  base  module  are  primarily  sheet  and 
stringer  aluminum.  Side  panels  of  the  hexagon  are  0.012  in.  thick  clad 
2024-T3  aluminum  sheet  riveted  to  the  six  corner  longerons.  Panel  edge 
members,  equipment  support  stiffeners,  and  truss-type  bulkheads  are  also 
formed  from  2024-T3  aluminum  sheet.  The  longerons  are  standard  Burner 
I1A  extrusions,  specifically  shaped  for  hexagonal  structure  corners. 

The  truss-type  bulkheads  at  either  end  of  the  hexagonal  body  pro¬ 
vide  structural  rigidity,  with  good  accessibility  to  the  interior. 

These  bulkheads  are  2024-T3  formed  parts  attached  to  the  body  longerons. 
The  forward  bulkhead  ties  to  the  four  longerons  that  serve  as  attach 
fittings  to  the  instrument  module.  The  center  diagonal  is  easily  re¬ 
moved  by  disconnecting  fasteners  at  each  end  so  as  to  provide  better 
access  for  installing  or  removing  interior  components. 

The  aft  bulkhead  supports  the  modular  orbit-adjust  system  tor 
HCMM  missions.  The  orbit-adjust  system,  which  is  fabricated,  tested, 
and  serviced  as  a  separate  module,  is  bolted  to  the  aft  bulkhead  at 
three  points.  Shims  are  bonded  to  the  aft  bulkhead  to  provide  proper 
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lateral  and  angular  alignment  once  the  spacecraft  mass  properties  have 
been  determined. 

The  Instrument  module  contains  the  mission  instruments  and  the 
supporting  electronics.  This  module  is  connected  by  low-heat-conduction, 
bolted-in  fittings  at  four  of  the  six  longeron  forward  ends  so  as  to 
provide  direct  load  transfer.  Fiberglass  blocks  and  thermal  blankets 
reduce  heat  conduction  to  less  than  0.2  W/°C.  This  type  of  attachment 
fitting  was  used  in  the  Burner  IIA  and  P42-1  units.  The  four  structural 
attach  points  feed  acceleration  loads  directly  into  the  base  module 
longerons. 

The  total  weight  of  the  AEM  structural  subsystem  is  47.7  lb,  con¬ 
sisting  of  27.2  lb  of  primary  structure,  17.5  lb  of  secondary  structure, 
and  3  lb  of  mechanisms. 

MMS  STRUCTURAL  SUBSYSTEM 

The  primary  structural  elements  of  the  MMSV  *  for  shuttle  opera¬ 
tion  are  the  module  support  structure  and  the  transition  adapter.  The 
power,  attitude  control  and  stabilization,  and  C&DH  module  skins  are 
secondary  structural  elements  in  that  they  support  elements  of  the 
spacecraft  subsystems. 

Module  Support  Structure 

The  module  support  structure  provides  structural  continuity  between 
the  transition  adapter,  subsystem  modules,  and  propulsion  module.  Its 
construction  is  basically  a  three-dimensional  truss,  with  the  six  corners 
as  the  primary  load  points.  (Electrical  connectors  and  other  insignif¬ 
icant  loads  may  be  hung  on  the  struts  themselves,)  The  Rockwell  tech¬ 
nical  proposal  for  fabrication  shows  the  structural  elements  to  be 
primarily  sheet,  angles,  and  channels.  The  comer  fittings  appear  to 
be  60  deg  V-shaped  channels  especially  designed  for  triangular  corners. 

Transition  Adapter 

The  transition  adapter  is  the  interface  between  the  module  support 
structure  and  the  mission  adapter.  During  shuttle  boost,  it  is  also 
the  element  that  connects  to  the  flight  support  system.  The  attachment 
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points  are  provided  by  three  load  pins.  The  drogue  point  is  the  attach¬ 
ment  element  to  the  remote  manipulator  system  of  the  orbiter,  used  for 
initial  contact  in  the  retrieval  operation.  The  transition  adapter 
also  supports  operational  or  miss ion -unique  elements  such  as  solar 
arrays  (and  associated  mechanisms),  booms,  and  antennas. 

Structurally,  the  transition  adapter  is  a  ring  with  an  I-beam  cross 
section.  It  contains  automated  machined  fittings,  formed  extrusion,  and 
sheet  metal  components.  Flanges  and  webs  are  formed  from  annealed  ma¬ 
terial  then  heat  treated  to  the  T-6  (temper)  condition.  Standard  mech¬ 
anical  fasteners  are  used  for  component  joining.  Final  machining  of 
mating  surface  and  drilling  of  subsystem  attach  holes  take  place  after 
structural  assembly. 


Spacecraft  and  Structural  Weights 

Table  F-l  shows  the  weights  budgeted  for  MMS  subsystems  in  their 
baseline  configurations.  The  MMS  total  weight  including  payload  will 
be  defined  by  GSFC  for  each  mission  on  the  basis  of  spacecraft  and 
launch  vehicle  configuration. 


Table  F-l 

BASELINE  MMS  STRUCTURE  WEIGHT  SUMMARY 


Baseline  Conf iguration 
Weight  (lb) 

Subsystem 

Total 

Structural  and 
Thermal  Components 

Module  support  structure 

168 

150 

Transition  adapter 

115 

115 

C&DH  module 

199 

103 

Power  module 

358 

107 

Attitude  control  and 
stabilization  module 

371 

117 

Thermal  control 

3 

3 

Electrical  integration 

98 

0 

Total 

1312 

595a 

aThe  thermal  weight  breakdown  is  as  follows: 
louvers  *  39  lb,  blankets  ■  6  lb,  other  ■  3  lb. 
Total  thermal  weight  ■  48  lb.  The  net  structural 
weight  is  then  595-48  ■  547  lb. 
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STPSS  STRUCTURAL  SUBSYSTEM 

The  description  of  the  STPSS  structure  presented  here  provides 
only  the  overall  dimensions  and  configuration.  ^  Additional  details, 
such  as  individual  member  materials  and  thicknesses,  are  not  available 
because  no  actual  design  has  yet  been  undertaken.  The  STPSS  consists 
mainly  of  a  core  module  and  an  orientation  module. 

Core  Module 

The  core  module  has  the  shape  of  a  thin  hexagonal  nut.  It  con¬ 
nects  to  the  shuttle  orbiter  at  two  trunnions  and  a  stabilizing  fit¬ 
ting.  Box  beams  spread  the  load  from  the  trunnion  to  the  central  ring, 
which  is  the  primary  load-carrying  member.  Honeycomb  panels  define 
the  hexagonal  perimeter  of  the  core  module.  They  also  provide  mounting 
surfaces  for  equipment  on  the  interior  and  thermal  radiators  on  the 
exterior.  The  panels  transfer  the  load  to  the  trunnions  and  directly 
to  the  central  ring  via  the  webs. 

Orientation  Module 

Each  orientation  module  is  also  hex-nut  shaped  and  mates  with  the 
core  module  at  the  central  ring.  The  two  versions  of  the  three-axis- 
stabilized  module  (i.e.,  the  "orientation"  version  and  the  transfer/ 
orientation  version)  have  identified  structure  except  for  brackets 
that  connect  the  appropriate  propulsion  unit.  The  spin-orientation 
module  is  thinner  because  its  equipment  does  not  require  as  much 
volume. 

Spacecraft  Weights 

Table  F-2  summarizes  the  spacecraft  structural  component  weights. 

* 

The  TRW  estimate  of  structural  weight  was  deduced  from  HEAO  data.  The 
HEAO  spacecraft,  which  carries  a  7000  lb  payload  with  a  safety  factor 
of  3,  weighs  about  20  lb/axial  length  (in.).  Taking  a  1500  lb  payload 
weight  for  the  STPSS  spacecraft,  and  a  safety  factor  of  2,  TRW  deduced 
a  structural  weight  of  25  lb/sq.  in. 


High  Energy  Astronomical  Observatory — a  spacecraft  that  was 
actually  designed  and  analyzed  by  TRW. 
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Table  F-2 

STPSS  STRUCTURAL  COMPONENT  WEIGHT  SUMMARY 

Structural  Component 


Component  Weight  (lb) 


Core  module  . 240 

Spin-control-orientation  module  .  70 

Three-axis-orientation  module  .  150 

Precision  three-axis  module  .  150 

Solar  array 

Standard  50  W  subpanel 

(19"  x  45")  .  3.0  ea. 

"Picture  frame"  (boom,  hinges, 

etc.)  . . .  2. 0-2. 6  ea. 

SOURCE:  Ref .  1. 


COMPARISON  OF  STRUCTURAL  SUBSYSTEMS 

The  AEM  is  primarily  aluminum  sheet  and  stringer  construction, 
using  standard  Burner  IIA  extrusions  for  longerons.  The  conical  shell 
that  Interfaces  between  the  spacecraft  and  the  Scout  F  booster  is  prob¬ 
ably  the  most  "exotic"  structural  element  from  a  structures  standpoint. 
However,  it  too  is  formed  from  aluminum  sheet,  and  fabrication  appears 
to  be  well  within  the  state  of  the  art  and,  in  addition,  will  not  be 
used  on  STPSS  missions. 

The  module  support  structure  of  the  MMS  is  a  simple  3-D  truss. 

The  subsystem  modules  utilize  honeycomb  panels  that  frame  into  aluminum 
stock  edges.  The  transition  adapter  is  of  more  complex  construction; 
however,  the  fabrication  procedures  appear  to  be  based  on  proven 
techniques. 

The  basic  structure  of  the  STPSS  appears  to  use  more  nonstandard 
components,  i.e.,  rings  and  diverging  box  beams.  The  structural  weight 
is  also  a  higher  percentage  of  the  instrument  payload  weight  than  it  is 
in  the  AEM  and  MMS.  Additionally,  alignment  may  be  a  more  critical 
aspect  of  STPSS  construction  because  loads  have  to  be  transferred  be¬ 
tween  the  inner  cylinders  of  the  core  module  and  orientation  module 
with  minimal'  edge  moments.  The  additional  complexity  of  the  STPSS 
structure  will  be  reflected  primarily  as  a  fabrication  cost,  rather 
than  as  one  of  development  risk. 
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In  summary,  Che  AEM  and  MMS  structural  subsystems  appear  to  use 
proven  techniques  and,  for  the  most  part,  standard  members.  The  STPSS 
certainly  is  no  simpler  in  construction  and  is  probably  more  costly  on 
a  relative  basis. 


Appendix  G 

THERMAL  CONTROL  SUBSYSTEM:  A  COMPARISON  OF 


A EM.  STPSS ,  AND  MMS 
by 

W.  D.  Gosch 

COMPARATIVE  EVALUATION  OF  THE  THERMAL  CONTROL  SUBSYSTEM  ON 
THE  STPSS  AND  A EM  SPACECRAFT 

There  are  two  major  differences  between  the  thermal  control  sub¬ 
system  of  the  STPSS  and  that  of  the  AEM  (Table  G-l).  First,  the  AEM 
design  uses  louvers,  while  the  STPSS  relies  on  radiators  and  heaters 
for  controlling  spacecraft  component  and  structure  temperatures. 
Second,  the  STPSS  requires  high  temperature  insulation  around  the 

Table  G-l 

THERMAL  CONTROL  ELEMENTS  OF  THE  AEM,  STPSS,  AND  MMS  SPACECRAFT 


Spacecraft 


AEM 

STPSS 

MMS 

3-Axis 

3-Axis 

Element 

Type  I 

Type  II 

Spin 

Low-Cost 

Precision 

3-Axis 

Spacecraft  weight  (lb) 

214 

274 

888 

1043 

1167 

1312 

Thermal  control  weight  (lb) 

~  3 

3+a 

(b) 

(b) 

(b) 

39 

Thermal  control  elements: 
a  Louvers 

i 

2 

— 

— 

— 

6 

e  Radiators 

X 

X 

X 

X 

X 

X 

e  Heaters 

X 

X 

X 

X 

X 

X 

e  Multilayer  insulation 

X 

X 

X 

X 

X 

X 

a  Thermal  coatings 

X 

X 

X 

X 

X 

X 

a  High-temp,  insulation 

X 

X 

X 

a  Interface  insulators 

X 

X 

X 

X 

X 

X 

|| 

A  second  louver  and  radiator  are  added  for  this  mission. 


Structure  and  thermal  control  weights  combined:  core  middle  “  250  lb,  spin 
module  *  75  lb,  orientation  (low-cost  and  precision)  *  160  lb.  TRW  did  not  de¬ 
termine  actual  weights  of  the  thermal  control  elements  but  they  indicate  it  would 
be  on  the  order  of  10-15  lb. 
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solid  rocket  kick  stage  motor.  This  motor  is  imbedded  inside  the  hex¬ 
agonal  modules  and  must  be  thermally  isolated  during  and  after  firing 
to  prevent  excessive  heat  transfer  to  the  spacecraft  modules. 

The  louvers  specified  for  the  AEM  were  flight-qualified  on  the 
Mariner  '64  and  '71.  The  Boeing  STP  72-1  and  the  S3  programs  used 
a  total  of  17  louver  assemblies  identical  to  the  ones  proposed  for  the 
AEM  spacecraft. 

Multilayer  insulation  blankets  for  shielding  the  spacecraft  from 
the  heat  generated  by  the  solid  rocket  motors  during  and  after  firing 
are  made  of  materials  that  can  withstand  the  higher  temperatures,  such 
as  titanium. 

The  "low  temperature"  multilayer  insulation  blankets  are  used  to 
decouple  the  spacecraft  from  the  external  environment.  For  the  AEM 
the  blankets  consist  of  an  outer  layer  of  aluminized  1  mil  Kapton,  10 
layers  of  doubly  aluminized  1/8  mil  perforated  mylar  separated  by  silk 
net  spacers,  a  single  layer  of  Dacron  plain-woven  cloth  to  act  as  a 
filter,  and  an  inner  layer  of  aluminized  1  mil  Teflon  (Teflon  side 
facing  the  base  module).  The  STPSS  uses  insulation  blankets  on  the 
entire  outer  surface  of  each  module  with  the  exception  of  cutouts  for 
the  radiator  panels. 

On  the  AEM,  heaters  are  used  in  the  thermal  control  system  solely 
for  maintaining  the  orbit  adjust  system  component  (thruster  valves  and 
catalyst  bed)  temperatures  within  the  design  limits  during  the  initial 
velocity  trim.  The  heaters  are  subsequently  commanded  off  and  remain 
inactive  for  the  remainder  of  the  mission.  They  could  be  reactivated 
at  any  time  by  ground  command  if  required.  The  total  heater  power  re¬ 
quired  during  velocity  trim  is  3  W. 

The  STPSS  uses  a  heater  for  the  solid  rocket  motor.  It  is  thermo¬ 
statically  actuated  to  ensure  adequate  temperature  levels  at  the  time 
of  firing.  The  STPSS  also  uses  thermostatically  controlled  component 
heaters  with  sufficient  power  to  maintain  component  temperatures  above 
the  minimum  allowable  under  the  coldest  conditions. 

Thermal  control  coatings  used  on  the  AEM  and  STPSS  provide  interior 
and  exterior  radiation  control.  Interior  coatings  enhance  the  internal 
radiation  heat  transfer  from  bay  to  bay.  Coatings  are  used  on  the  ex¬ 
ternal  surfaces  to  reduce  the  temperature  effects  of  direct  or  reflected 
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sunlight  .  These  surfaces  include  the  backside  of  the  solar  array,  the 
louver  radiator  surface  (AEM) ,  the  thermal  control  trim  radiator,  the 
shunt  dissipater  panel,  solar  array  and  antenna  appendages,  and  the 
S-band  antenna. 

Radiators  for  dissipating  heat  generated  inside  the  spacecraft 
are  used  on  both  the  AEM  and  the  STPSS.  In  the  case  of  the  STPSS 
(which  has  no  louvers)  the  control  of  component  temperatures  within 
the  spacecraft  is  achieved  with  a  combination  of  radiators,  second 
surface  mirrors,  and  thermostatically  controlled  heaters.  On  the  AEM, 
component  temperature  control  is  achieved  with  louvers  and  thermal- 
control  trim  radiators.  The  baseline  design  radiator  for  the  AEM 
spacecraft  radiator  is  sized  to  satisfy  the  HCMM  mission  requirements 
and  is  painted  white.  The  radiator's  properties  can  be  adjusted  by 
paint  stripes  to  attain  the  desired  trim. 

Since  most  of  the  elements  of  the  AEM  thermal  control  subsystem 
have  been  flight-proven  on  previously  designed  Boeing  spacecraft,  they 
should  be  considered  at  least  state  of  the  art  if  not  off-the-shelf. 

The  same  holds  true  for  the  TRW-proposed  STPSS  design. 

COMPARATIVE  EVALUATION  OF  THE  STPSS  AND  MMS  SPACECRAFT 

To  date,  contracts  have  not  been  awarded  for  the  design,  develop¬ 
ment,  or  production  of  either  the  MMS  or  the  STPSS.  Consequently,  the 
information  available  for  making  a  comparative  evaluation  of  the  MMS 
and  STPSS  is  less  detailed  than  for  the  AEM-STPSS  evaluation.  However, 
based  on  the  information  from  GSFC,  Aerospace  Corporation,  and  TRW, 
thermal  control  subsystem  concepts  are  sufficiently  well  defined  that 
a  reasonable  comparative  technical  evaluation  can  be  made. 

The  same  two  differences  between  the  AEM  and  STPSS  are  indicated 
for  the  STPSS  and  MMS  (Table  G-l).  The  MMS  spacecraft  uses  two  louvers 
on  each  of  three  modules:  power  module,  ACS  module,  and  the  C&DH  module. 
As  previously  stated,  the  STPSS  relies  on  radiators,  second  surface 
mirrors,  and  thermostatically  controlled  heaters  for  maintaining  the 
spacecraft  structure  and  components  within  specified  temperature  limits. 
Louvers  are  generally  considered  to  be  more  expensive  than  heaters. 
However,  personal  contact  with  a  thermal  control  system  engineer  at 
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GFSC  revealed  that  their  analysis  of  the  spacecraft  heat  balance,  using 
louvers  rather  than  heaters  and  radiators,  indicated  it  is  more  economical 
to  use  louvers.  The  propulsion  module  for  the  MMS  spacecraft  (either 
SPS-I  or  SPS-II)  is  mounted  at  the  base  of  the  spacecraft  structure 
and  is  thermally  isolated  from  the  structure  and  modules.  A  small 
quantity  of  heat  is  transferred  at  the  interface  between  the  structure 
and  propulsion  module  and  is  accounted  for  in  the  thermal  control 
analysis  of  the  entire  spacecraft.  As  noted  previously  the  STPSS 
spacecraft  uses  a  solid  propellant  rocket  motor  for  propulsion  and 
must  be  thermally  isolated  from  the  modules  with  high  temperature 
multilayer  insulation  to  prevent  excessive  heat  transfer  into  the 
modules  during  and  after  firing. 

The  design  objectives  for  both  spacecraft,  from  a  thermal  control 
point  of  view,  are  generally  the  same,  namely,  thermally  isolate  each 
individual  module  from  the  environment  and  other  parts  of  the  space¬ 
craft.  The  same  basic  design  philosophy  of  using  low-cost,  proven 
elements  for  the  thermal  control  subsystem  appears  to  apply  to  the 
MMS  and  the  STPSS.  Thermal  control  elements  for  the  MMS  can  be  con¬ 
sidered  as  at  least  state  of  the  art  if  not  off-the-shelf. 
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Appendix  H 

PROGRAM  OPTIONS  FOR  THE  SAMSO  SPACE  TEST  PROGRAM 

by 

S.  H.  Dole  and  L.  N.  Rowell 


Alternative  approaches  (i.e.,  different  mixes  of  spacecraft, 
orbits,  and  payloads)  to  carrying  out  a  complete  Space  Test  Program 
during  the  1980-1990  period  were  generated  so  that  different  sets  of 
total  program  costs  could  be  computed  and  compared.  This  appendix 
includes  only  a  representative  sample  of  the  alternative  program  op¬ 
tions  that  were  examined  in  this  study.  First,  the  STPSS  mission 
model  is  discussed  and  disaggregated  into  eight  categories  of  orbits, 
and  then  the  various  standard  spacecraft  configurations  considered  in 
this  study  are  identified  with  the  payloads  in  these  orbit  categories 
according  to  their  ability  to  accommodate  the  payload  requirements. 
After  this,  the  procurement  options  are  determined  for  a  variety  of 
conditions. 

ANALYSIS  OF  PAYLOADS  IN  THE  STPSS  "BLUEBOOK" 

We  adopted  the  premise  that  we  could  consider  the  payloads  given 
in  Ref.  26  to  be  "representative"  of  those  that  would  be  orbited,  thus 
the  payloads  in  the  bluebook  were  analyzed,  as  follows.  Of  the  51 
payloads  listed  therein,  four  were  eliminated  because  they  required 
special  spacecraft,  or  because  they  had  already  been  launched  into 
space  (Nos.  A,  5,  9,  A5),  and  one  (No.  A2)  was  eliminated  because  the 
orbit  was  r°t  clearly  defined.  The  remaining  A6  payloads  were  cate¬ 
gorized  according  to  their  orbital  orientation  and  apogee  altitude 
and  perigee  altitude  requirements.  The  standard  orbits  that  were 
selected  to  provide  a  means  of  grouping  payloads  (and  the  number  of 
bluebook  payloads  captured  by  each)  are: 

The  numbers  are  those  of  the  bluebook  pages  where  the  payloads 

««  *  4e«r  r  I  bed 
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Orbit 

Number  Description 


1-S  Sun-synchronous  (98.4  deg  inclination),  250  to  300  n  mi 

circular,  sun-oriented  [8] 

1-E  Sun-synchronous,  250  to  300  n  mi  circular,  earth-oriented  [13] 

2  Elliptical,  7000  *  200  n  mi,  polar  [13] 

3  Geosynchronous  (19,372  n  mi)  circular,  low  inclination, 
sun-oriented  [4] 

4  10,000  n  mi  circular,  low  inclination  [2] 

5  12  hr  orbit,  21,000  *  900  n  mi,  63.4  deg  inclination  [3] 

6  Geosynchronous  circular,  low  inclination,  earth-oriented  [1] 

7  3200  *  150  n  mi,  30  deg  inclination  [1] 

8  180  n  mi  circular,  polar  [1] 


Tr-.e  velocity  increments  required  to  place  the  spacecraft  into  the 
above  standard  orbits  are  given  in  Table  H-l.  These  AVs  were  used  for 
the  selection  and  sizing  of  appropriate  kick  stages. 

The  payloads  were  also  ordered  according  to  the  spacecraft  capa¬ 
bilities  that  are  needed  to  accommodate  the  payload.  In  addition  to 
mission  altitude  and  orientation,  we  also  used  payload  weight,  power, 
data  rate,  stabilization  requirements,  and  pointing  accuracy  as  filters 
for  assigning  spacecraft.  These  assignments  are  given  in  Tables  H-2 
to  H-5  where  the  letters  "x"  or  "y"  indicate  a  compatibility  between 
spacecraft  capability  and  payload  requirements.  The  letter  "y"  in  the 
AEM  spacecraft  row  applies  when  that  spacecraft's  maximum  altitude 
capability  is  assumed  to  be  geosynchronous  rather  than  its  current  limit 
of  1000  n  mi;  this  was  one  of  the  spacecraft  design  excursions  that  was 
examined  in  the  study. 


PROGRAM  OPTION  DEVELOPMENT 

On  the  basis  of  information  provided  by  SAMSO,  it  appeared  that 
the  Space  Test  Program  would  be  orbiting  approximately  114  payload  pack¬ 
ages  during  the  1980-1990  time  period.  Since  there  were  only  64  repre¬ 
sentative  payloads  in  the  sample  we  had  available  to  work  with,  it  wa& 


Numbers  in  brackets  are  the  number  of  the  bluebook  payloads 
acconsnodated  by  the  orbit. 


STANDARD  ORBITS,  VELOCITY  INCREMENTS 


AV-  is  the  velocity  increment  added  at  apogee  altitude  to  achieve  desired  orbit. 
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Table  H-2 

ORBIT  1-S:  PAYLOAD  ASSIGNMENTS 


Orbit  1-S:  Sun  synchronous,  250-300  n  mi  circular,  sun-oriented 

Payload  number 

15 

19 

20 

27 

33 

37 

48 

51 

Height  (lb) 

50 

10 

76 

_ 

250 

1 

12 

135 

3 

Candidate  Spacecraft 

AEM 

■ 

■ 

■ 

■ 

a 

y 

H 

■ 

■ 

STPSS-S 

X 

STPSS-LC 

B 

B 

B 

B 

X 

STPSS-P  or  miS 

B 

B 

B 

B 

B 

B 

B 

Bi 

ay  applies  when  AEM  maximum  altitude  is  geosynchronous  (19,382  n  mi). 


Table  H-3 

ORBIT  1-E:  PAYLOAD  ASSIGNMENTS 


Orbit  1-E:  Sun-synchronou 

s,  250-300  n  mi  circular,  earth-oriented 

Payload  number 

18 

23 

26 

28 

29 

34 

35 

36 

38 

39 

40 

41 

49 

Weight  (lb) 

13 

9 

13 

525 

53 

13 

40 

60 

6 

5 

331 

135 

25 

Candidate  Spacecraft 

AEM 

*y 

xy 

xy 

■ 

*y 

*y 

xy 

xy 

xy 

xy 

■ 

■ 

xy 

STPSS-S 

B 

B 

X 

B 

B 

STPSS-LC 

n 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

X 

STPSS-P  or  MMS 
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Table  H-4 

ORBIT  2:  PAYLOAD  ASSIGNMENTS 


Orbit  2:  Elliptical  (7,000  x  200  n  ml),  polar 

Payload  number 

a 

B 

“i 

12 

13 

14 

17 

21 

22 

31 

32 

46 

50 

Weight  (lb) 

a 

□ 

n 

8 

15 

8 

4 

44 

70 

18 

1 

5 

110 

Candidate  Spacecraft 

ASM 

1 

1 

■ 

1 

■ 

■ 

1 

1 

■ 

■ 

H 

B 

■ 

STPSS-S 

■ 

■ 

HI 

■ 

■ 

HI 

■ 

■ 

■ 

a 

■ 

B 

B 

STPSS-LC 

D 

a 

n 

D 

a 

a 

n 

a 

- 1 

X 

a 

B 

B 

STPSS-P  or  MMS 

D 

D 

a 

n 

a 

a 

a 

B 

n 

X 

a 

B 

B 

Table  H-5 

ORBITS  3,  4,  5,  6,  7,  and  3:  PAYLOAD  ASSIGNMENTS 


Orbit 

3* 

4b 

5C 

a 

B 

«f 

Payload  number 

B 

□ 

D 

52 

2 

24 

L  - 

7 

10 

43 

8 

25 

30 

Weight  (lb) 

B 

B 

M 

13 

29 

1  2 

i _ 

25 

19 

475 

(30) 

43 

30 

Candidate  Spacecraft 

AEM 

H 

R 

■ 

■ 

1 

■ 

B 

1 

■ 

■ 

■ 

■ 

STPSS-S 

B 

B 

■ 

■ 

H 

B 

B 

B 

B 

HI 

B 

B 

STPSS-LC 

B 

B 

m 

B 

B 

B 

B 

B 

B 

B 

B 

B 

STPSS-P  or  MMS 

1 

6 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

g 

Geosynchronous  (19,372  n  ml)  circular,  low  Inclination,  sun-oriented. 
b10,000  n  ml  circular,  low  Inclination. 

12-hour  orhit,  21,000  x  900  n  ml,  63.4  deg  Inclination. 

d 

Geosynchronous  circular,  low  Inclination,  earth-oriented. 

*3,200  x  ISO  n  ml,  30  deg  inclination. 

^180  n  mi  circular,  polar. 
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necessary  to  scale  this  number  up  by  a  factor  of  2.48  to  yield  a 
closer  approximation  of  the  complete  program.  Consequently,  both  the 
numbers  of  payloads  and  their  aggregated  weights  taken  from  Tables  H-2 
to  H-5  were  multiplied  by  2.48  in  developing  the  program  options. 

Other  numbers  of  total  payloads  in  the  ten-year  period,  92,  138,  and 
228,  were  assumed  in  some  of  the  cases  to  test  the  effect  on  results. 
As  above,  appropriate  multiplying  factors  were  used. 

Groups  of  payloads  (for  a  given  orbit)  were  assigned  to  specific 
spacecraft  with  the  following  limits  being  observed: 

1.  Maximum  payload  weights  that  can  be  loaded  on  a  single  space¬ 
craft:  AEM  -  150  lb;  STPSS  -  1000  lb  or  1500  lb;  MMS  * 

4000  lb. 

2.  Maximum  circular  orbital  altitudes  reachable  by  the  space¬ 
craft:  AEM(x)  *  1000  n  mi;  AEM(y)  *  19,372  n  mi;  STPSS  and 
MMS  *  19,372  n  mi. 

3.  The  maximum  number  of  payloads  that  can  be  loaded  on  a  single 
spacecraft  in  separate  program  options  was  assumed  to  be  6, 

8,  10,  or  13. 

4.  Maximum  experimental  power:  AEM  *  50  W;  STPSS-S  *  290  W; 
STPSS-LC  and  STPSS-P  -  400  W;  MMS  -  850  W.* 

5.  Maximum  data  rate:  AEM  *  8  kbps;  STPSS  “  128  kbps;  MMS 
■  64  kbps. 

The  number  of  spacecraft  flights  for  six  different  cases,  four 
different  program  options,  and  four  different  assumed  upper  limits  on 
the  number  of  payloads  that  could  be  placed  on  a  single  spacecraft  are 
summarized  in  Table  H-6.  As  may  be  seen  from  Table  H-6,  the  total 
number  of  shuttle  flights  required  to  place  all  of  the  STPSS  payloads 
into  orbit  ranged  from  a  minimum  of  12  to  a  maximum  of  26.  The  ranges 
in  numbers  of  launches,  as  a  function  of  the  assumed  payload  limita¬ 
tions,  are  shown  below: 

*The  power  limitation  affected  only  the  payload  packages  for  the 
AEM  and  STPSS-S  spacecraft;  for  all  others,  different  limitations  were 
more  critical. 


SUMMARY  OF  TABLES  H-7  THROUGH  H-23 


Maximum  number  of  payloads 

per  single  spacecraft  13  10  8  6 

Number  of  launches  12-17  14-19  16-23  20-26 

Each  of  the  cells  of  the  matrix  represented  by  Table  H-6  is  ex¬ 
panded  in  Tables  H-7  through  H-23.  In  these  tables,  the  total  number 
of  spacecraft  required  are  disaggregated  by  orbit  so  that  one  can 
determine  the  appropriate  kick  stages  that  would  provide  the  velocity 
increment  necessary  to  translate  the  spacecraft  from  the  nominal  shuttle 
parking  orbit  (150  n  mi)  to  the  mission  orbit.  Tables  H-7  through  H-23 
also  tabulate  the  maximum  number  of  payloads  actually  assigned  to  a 
spacecraft  in  a  given  orbit. 

INTEGRATION  COSTS 

The  costs  of  integrating  and  testing  a  complete  spacecraft  appear 
to  be  predominantly  a  function  of  the  complexity  of  the  individual  pay- 
loads  them selves  rather  than  of  the  characteristics  of  the  spacecraft 
on  which  they  are  mounted  or  of  the  number  of  payloads  that  have  to  be 
integrated  into  a  single  spacecraft.  Some  information  provided  by  Mr. 

W.  A.  Myers,  of  Rockwell  International,  indicates  that  mission  inte¬ 
gration  costs  might  include  the  costs  of  about  three  engineering  man- 
months  per  payload  at  the  low-cost  end,  up  to  total  costs  of  possibly 
$1,000,000  per  payload  for  highly  complex  payloads.  A  typical  mission 
Integration  job  would  require  one  engineer  per  payload  over  a  period 
of  six  to  nine  months.  He  indicated  that  there  should  be  very  little 
difference  between  the  STPSS  and  the  MMS  relative  to  mission  integra¬ 
tion.  The  test  procedures  might  be  slightly  more  complicated  with  the 
MMS  so  the  nonrecurring  costs  (of  developing  procedures)  could  be  a 
little  higher. 
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Table  H-7 
CASE  I  (A)® 


PROGRAM  OPTION  1:  USE  LEAST  EXPENSIVE  SPACECRAFT  AND  MINIMIZE  NUMBER 
OF  FLIGHTS 


MAXIMUM  NUMBER  OF  PAYLOADS 

PER  FLIGHT 

13 

10 

8 

6 

ORBIT 

SPACECRAFT 

NUMBER  OF  FLIGHTS 

-  NUMBER  OF  PAYLOADS /FLIGHT 

1-S 

STPSS-LC 

0 

- 

0 

0 

- 

0 

1 

- 

5 

2 

- 

5 

1-S 

STPSS-P 

2 

- 

10 

2 

- 

10 

2 

- 

8 

2 

- 

5 

1-E 

AEM 

E 

E 

1 

1 

- 

3 

2 

- 

5 

3 

- 

5 

1-E 

STPSS-LC 

3 

- 

3 

- 

10 

3 

- 

8 

3 

- 

6 

2 

STPSS-LC 

3 

- 

ufl 

4 

- 

9 

5 

- 

7 

6 

- 

6 

3 

STPSS-LC 

1 

- 

1 

- 

2 

- 

5 

2 

- 

5 

4 

STPSS-LC 

1 

- 

5 

1 

- 

5 

1 

- 

5 

1 

- 

5 

5 

STPSS-P 

2 

- 

4 

2 

- 

4 

2 

- 

4 

2 

- 

4 

6 

STPSS-LC 

1 

- 

3 

1 

- 

3 

1 

•  - 

3 

1 

- 

3 

7 

STPSS-LC 

1 

- 

3 

1 

- 

3 

1 

- 

3 

1 

- 

3 

8 

STPSS-P 

1 

- 

3 

1 

- 

3 

1 

- 

3 

i 

1 

- 

3 

TOTAL 

NUMBER 

AEM 

m 

1 

1 

2 

3 

OF 

SPACECRAFT 

FLIGHTS: 


STPSS-LC 

STPSS-P 


10 

5 


11 

5 


14 

5 


TOTAL  NUMBER  OF 
FLIGHTS: 


16 


17 


21 


24 


16 


Roman  capitals  correspond  to  those  in  Table  H-6. 
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Table  H-8 

CASES  1(G)  AND  11(G) 


PROGRAM  OPTION  2:  USE  AEM  AND  MMS  AND  MINIMIZE  NUMBER  OF  FLIGHTS 


MAXIMUM  NUMBER  OF  PAYLOADS  PER  FLIGHT 


TOTAL  NUMBER 


OF  AEM  - 

1 

2 

3 

A 

SPACECRAFT 

FLIGHTS:  “ 

13 

1A 

17 

20 

TOTAL  NUMBER  OF 

FLIGHTS: 

1A 

16 

20 

2A 
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Table  H-9 

CASES  I(K)  AND  V(K) 


PROGRAM  OPTION  3:  ALL  PAYLOADS  ON  STPSS  AND  MINIMIZE  NUMBER  OF 


FLIGHTS  BY  COMBINING  PAYLOADS  ON  SAME  ORBIT 


ORBIT 

SPACECRAFT 

MAXIMUM 

[  NUMBER  OF  P 

AYLOADS  : 

PER  F 

'LIGHT 

13 

10 

8 

6 

NUMBER  OF 

1  FLIGHTS  — 

NUMBER  OF  PAYLOADS /FLIGHT 

1-S 

STPSS-LC 

0 

- 

0 

0 

- 

0 

1  - 

7 

2 

- 

5 

1-S 

STPSS-P 

2 

- 

10 

2 

- 

10 

2  - 

7 

2 

- 

5 

1-E 

STPSS-LC 

4 

- 

9 

4 

- 

9 

5  - 

7 

6 

- 

6 

2 

STPSS-LC 

3 

- 

11 

4 

- 

9 

5  - 

7 

6 

- 

6 

3 

STPSS-LC 

1 

- 

1 

- 

2  - 

5 

2 

- 

5 

4 

STPSS-LC 

1 

- 

5 

1 

- 

5 

1  - 

5 

1 

- 

5 

5 

STPSS-P 

2 

- 

4 

2 

- 

4 

2  - 

4 

2 

- 

4 

6 

STPSS-LC 

1 

- 

3 

1 

- 

3 

1  - 

3 

1 

- 

3 

7 

STPSS-LC 

1 

- 

3 

1 

- 

3 

1  - 

3 

1 

- 

3 

8 

STPSS-P 

1 

- 

3 

1 

- 

3 

1  - 

3 

1 

- 

3 

TOTAL  NUMBER 
OF 

SPACECRAFT  STPSS~LC  -  11  12  16  19 

FLIGHTS  STPSS-P  =5  5  5  5 


TOTAL  NUMBER  OF 

FLIGHTS:  16  17  21  24 
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Table  H-10 

CASES  1(0),  11(0),  V(0),  AND  VI (0) 


PROGRAM  OPTION  4:  ALL  PAYLOADS  ON  MMS  AND  MINIMIZE  NUMBER  OF  FLIGHTS 


ORBIT 

SPACECRAFT 

MAXIMA 

(  NUMBER  OF  PAYLOADS 

PER  FLIGHT 

13 

10 

8 

6 

. 

NUMBER  OF  FLIGHTS  — 

NUMBER  OF  PAY 

'LOADS/FLIGHT 

1-S 

MMS 

2 

- 

10 

2 

- 

10 

3  - 

7 

4 

- 

5 

1-E 

MMS 

3 

- 

11 

4 

- 

9 

5  - 

7 

6 

- 

6 

2 

MMS 

3 

- 

11 

4 

- 

9 

5  - 

7 

6 

- 

6 

3 

MMS 

1 

- 

10 

1 

- 

2  - 

5 

2 

- 

5 

4 

MMS 

1 

- 

5 

1 

- 

5 

1  - 

5 

1 

- 

5 

5  I 

MMS 

1 

- 

8  | 

1 

- 

8 

1  - 

8 

2 

- 

4 

6 

MMS 

1 

- 

3 

1 

- 

3 

1  - 

3 

H 

- 

3 

7 

MMS 

1 

- 

3 

1 

- 

3 

1  - 

3 

- 

3 

8 

MMS 

1 

- 

3 

1 

- 

3 

1  - 

3 

- 

3 

TOTAL  NUMBER 
OF 

SPACECRAFT 

FLIGHTS:  MMS  =  14  16  20  24 


TOTAL  NUMBER  OF 

FLIGHTS:  14  16  20  24 


Table  H-ll 


CASE  11(B) 


PROGRAM  OPTION  1:  USE  LEAST  EXPENSIVE  SPACECRAFT  AND  MINIMIZE  NUMBER 
OF  FLIGHTS 


OF  AEM  =1  2  3  4 
SPACECRAFT  STPSS-LC  *  10  11  13  15 
FLIGHTS:  STPSS-P  =3  3  4  5 


TOTAL  NUMBER  OF 

FLIGHTS:  14  16  20  24 
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Table  H-12 


CASES  I1(L)  AND  VI(L) 


PROGRAM  OPTION  3:  ALL  PAYLOADS  ON  STPSS  AND  MINIMIZE  NUMBER  OF  FLIGHTS 
BY  COMBINING  PAYLOADS  ON  SAME  ORBIT 


MAXIMUM  NUMBER  OF  PAYLOADS 

PER  FLIGHT 

13 

10 

8 

6 

ORBIT 

SPACECRAFT 

NUMBER  01 

FLIGHTS  — 

NUMBER  OF  PA\ 

LOADS/FLIGHT 

1-S 

STPSS-LC 

1 

- 

10 

1 

- 

10 

1  - 

7 

2 

- 

5 

1-S 

STPSS-P 

1 

- 

10 

1 

- 

10 

2  - 

7 

2 

- 

5 

1-E 

STPSS-LC 

3 

- 

11 

4 

- 

9 

5  - 

7 

6 

- 

6 

2 

STPSS-LC 

3 

- 

11 

4 

- 

9 

5  - 

7 

6 

- 

6 

3 

STPSS-LC 

1 

- 

10 

1 

- 

10 

2  - 

5 

2 

- 

5 

4 

STPSS-LC 

1 

- 

5 

1 

- 

5 

1  - 

5 

1 

- 

5 

5 

STPSS-P 

1 

- 

8 

1 

- 

8 

1  - 

8 

2 

- 

4 

6 

STPSS-LC 

1 

- 

3 

1 

- 

3 

1  - 

3 

1 

- 

3 

7 

STPSS-LC 

1 

- 

3 

1 

- 

3 

1  - 

3 

1 

- 

3 

8 

STPSS-P 

1 

- 

3 

1 

- 

3 

1  - 

3 

1 

- 

3 

TOTAL  NUMBER 

0F  STPSS-LC  =  11 

SPACECRAFT 

FLIGHTS:  STPSS-P  3 

TOTAL  NUMBER  OF 
FLIGHTS:  14 


13 

3 


16 


16  19 

__4 _ 5 

20  24 


u 


I 
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Table  H-13 
CASE  111(C) 


PROGRAM  OPTION  1:  USE  LEAST  EXPENSIVE  SPACECRAFT  AND  MINIMIZE  NUMBER 
OF  FLIGHTS 


MAXIMUM  NUMBER  OF  PAYLOADS 

PER  FLIGHT 

13 

10 

8 

6 

ORBIT 

SPACECRAFT 

NUMBER  OF  FLIGHTS  - 

NUMBER  OF  PAYLOADS/FLIGHT 

1-S 

STPSS-LC 

1 

8 

1 

8 

1 

8 

2 

5 

1-S 

STPSS-P 

1 

- 

8 

1 

- 

8 

1 

- 

8 

1 

- 

6 

1-E 

AEM 

0 

- 

0 

0 

- 

0 

1 

- 

2 

2 

- 

4 

1-E 

STPSS-LC 

3 

- 

9 

3 

- 

9 

3 

- 

8 

3 

- 

6 

2 

STPSS-LC 

2 

- 

13 

3 

- 

9 

4 

- 

7 

5 

- 

6 

3 

STPSS-LC 

1 

- 

8 

1 

- 

8 

1 

- 

8 

2 

- 

4 

4 

STPSS-LC 

1 

- 

4 

1 

- 

4 

1 

- 

4 

1 

- 

4 

5 

STPSS-P 

2 

- 

3 

2 

- 

3 

2 

- 

3 

2 

- 

3 

6 

STPSS-LC 

1 

- 

2 

1 

- 

2 

1 

- 

2 

1 

- 

2 

7 

STPSS-LC 

1 

- 

2 

1 

- 

2 

1 

- 

2 

1 

- 

2 

8 

STPSS-P 

1 

- 

2 

1 

- 

2 

1 

- 

2 

1 

- 

2 

TOTAL 

NUMBER 

AEM 

“ 

0 

0 

1 

2 

SPACECRAFT  STPSS/LC  “ 

10 

11 

12 

15 

FLIGHTS :  STPSS/P 

- 

4 

4 

4 

4 

TOTAL  NUMBER  OF 
FLIGHTS: 


14 


15 


17 


21 
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Table  H-14 
CASE  111(H) 


PROGRAM  OPTION  2:  USE  AEM  AND  MMS  AND  MINIMIZE  NUMBER  OF  FLIGHTS 


TOTAL 

NUMBER 

0F  AEM 

SPACECRAFT 

FLIGHTS:  MMS 


2 

11 


2 

12 


3 

13 


4 

16 


TOTAL  NUMBER  OF 
FLIGHTS: 


13 


14 


16 


20 
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Table  H-15 
CASE  III(M) 


PROGRAM  OPTION  3:  ALL  PAYLOADS  ON  STPSS  AND  MINIMIZE  NUMBER  OF  FLIGHTS 
BY  COMBINING  PAYLOADS  ON  SAME  ORBIT 


MAXIMUM  NUMBER  OF  PAYLOADS  PER  FLIGHT 


ORBIT  SPACECRAFT  NUMBER  OF  FLIGHTS  -  NUMBER  OF  PAYLOADS /FLIGHT 


STPSS-LC 

STPSS-P 

STPSS-LC 

STPSS-LC 

STPSS-LC 

STPSS-LC 

STPSS-LC 

STPSS-P 

STPSS-LC 

STPSS-LC 

STPSS-P 


!  TOTAL 

NUMBER 

i  OF 

|  SPACECRAFT 

STPSS/LC  - 

11 

12 

14 

18 

I  FLIGHTS: 

t  _ • 

STPSS/P  * 

3 

3 

3 

3  j 

;  1 

TOTAL  NUMBER  OF 

FLIGHTS: 

14 

15 

17 

21  1 
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Tabl*  H-16 
CASE  III(P) 


PROGRAM  OPTION  4:  ALL  PAYLOADS  ON  MMS  AND  MINIMIZE  NUMBER  OF  FLIGHTS 


r 

MAXIMUM  NUMBER  OF  PAYLOADS 

PER  FLIGHT 

13 

10 

8 

6 

ORBIT 

SPACECRAFT 

NUMBER  OF  FLIGHTS  - 

NUMBER  OF  PAYLOADS/FLIGHT 

1-S 

MMS 

2 

- 

8 

2 

- 

8 

2 

- 

8 

3 

- 

6 

1-E 

MMS 

2 

- 

13 

3 

- 

9 

4 

- 

7 

5 

- 

6 

2 

ms 

2 

- 

13 

3 

- 

9 

4 

- 

7 

5 

- 

6 

3 

MIC 

1 

- 

8 

1 

- 

8 

1 

- 

8 

2 

- 

4 

4 

MMS 

1 

- 

4 

1 

- 

4 

1 

- 

4 

1 

- 

4 

5 

MMS 

1 

- 

6 

1 

- 

6 

1 

- 

6 

1 

- 

6 

6 

MMS 

1 

- 

2 

1 

- 

2 

1 

- 

2 

1 

- 

2 

7 

MMS 

1 

- 

2 

1 

- 

2 

1 

- 

2 

1 

- 

2 

8 

MMS 

1 

- 

2 

1 

- 

2 

1 

- 

2 

1 

- 

2 

TOTAL 

NUMBER 

OF 

SPACECRAFT 

FLIGHTS: 

MMS 

12 

14 

16 

20 

TOTAL  NUMBER  OF 
FLIGHTS: 


12 


14 


16 


20 
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Table  H-17 
CASE  IV (D) 


PROGRAM  OPTION  1:  USE  LEAST  EXPENSIVE  SPACECRAFT  AND  MINIMIZE  NUMBER  OF 
_ FLIGHTS _  _ _ 


ORBIT 

SPACECRAFT 

13 

10 

8 

6 

NUMBER  OF  FLIGHTS  - 

NUMBER  OF  PAYLOADS/FLIGHT 

1-S 

STPSS-LC 

1 

12 

2 

8 

2 

6 

2 

6 

1-S 

STPSS-P 

1 

- 

12 

1 

- 

9 

2 

6 

2 

- 

6 

1-E 

AEM 

E 

• 

0 

W*m 

- 

0 

2 

- 

5 

3 

- 

5 

1-E 

STPSS-LC 

4 

- 

- 

10 

4 

- 

8 

4 

- 

6 

2 

STPSS-LC 

3 

- 

13 

- 

10 

5 

- 

8 

7 

- 

6 

3 

STPSS-LC 

1 

- 

12 

- 

6 

2 

- 

6 

2 

- 

6 

4 

STPSS-LC 

1 

- 

6 

- 

6 

1 

- 

6 

1 

- 

6 

5 

STPSS-P 

2 

- 

5 

2 

- 

5 

2 

- 

5 

2 

- 

5 

6 

STPSS-LC 

1 

- 

3 

1 

- 

3 

1 

- 

3 

1 

- 

3 

7 

STPSS-LC 

1 

- 

3 

1 

- 

3 

1 

- 

3 

1 

- 

3 

8 

STPSS-P 

1 

- 

3 

1 

- 

3 

1 

- 

3 

1 

- 

3 

TOTAL 


OF 

SPACECRAFT 

FLIGHTS: 


AEM 

STPSS-LC 

STPSS-P 


0 

12 

4 


0 

15 

4 


2 

16 

5 


3 

18 

5 


TOTAL  NUMBER  OF 
FLIGHTS: 


16 


19 


23 


26 
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Table  H-18 
CASE  IV(I) 


PROGRAM  OPTION  2 


AND  MMS  AND  MINIMIZE  NUMBER  OF  FLIGHTS 


MAXIMUM  NUMBER  OF  PAYLOADS  PER  FLIGHT 


ORBIT  SPACECRAFT  NUMBER  OF  FLIGHTS  -  NUMBER  OF  PAYLOADS /FLIGHT 


TOTAL 

NUMBER 

OF 

SPACECRAFT 

FLIGHTS: 


2-12 

3  -  8 

3-8 

2-12 

2  -  9 

2-8 

2-8 

3  -  7 

3-8 

3-13 

4-10 

5-8 

1-12 

2  -  6 

2-6 

1-6 

1  -  6 

1-6 

1-9 

1  -  9 

2-5 

1-3 

1  -  3 

1-3 

1-3 

1  -  3 

1-3 

1-3 

1  -  3 

1-3 

2 

3 

3 

13 

16 

18 

TOTAL  NUMBER  OF 
FLIGHTS: 


15 


19 


21 


26 


_ji>i  , '.'mu 
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Table  H-19 
CASE  IV (N) 


PROGRAM  OPTION  3:  ALL  PAYLOADS  ON  STPSS  AND  MINIMIZE  NUMBER  OF  FLIGHTS 
_  .  BY  COMBINING  PAYLOADS  ON  SAME  ORBIT _ 


ORBIT 

SPACECRAFT 

MAXIMUM  NUMBER  OF  PAYLOADS 

PER  FLIGHT 

13 

10 

8 

6 

NUMBER  OF  FLIGHTS  - 

NUMBER  OF  PAYLOADS/FLIGHT 

1-S 

STPSS-P 

m 

- 

12 

1 

- 

9 

2 

- 

6 

2 

- 

6 

1-S 

STPSS-LC 

- 

12 

2 

- 

8 

2 

- 

6 

2 

- 

6 

1-E 

STPSS-LC 

m 

- 

10 

4 

- 

10 

5 

- 

8 

7 

- 

6 

2 

STPSS-LC 

- 

13 

4 

- 

10 

5 

- 

8 

7 

- 

6 

3 

STPSS-LC 

- 

12 

2 

- 

6 

2 

- 

6 

2 

- 

6 

4 

STPSS-LC 

- 

6 

1 

- 

6 

1 

- 

6 

1 

- 

6 

5 

STPSS-P 

2 

- 

5 

2 

- 

5 

2 

- 

5 

2 

- 

5 

6 

STPSS-LC 

1 

- 

3 

1 

- 

3 

1 

- 

3 

1 

- 

3 

7 

STPSS-LC 

1 

- 

3 

1 

- 

3 

1 

- 

3 

1 

- 

3 

8 

STPSS-P 

1 

- 

3 

1 

- 

3 

1 

- 

3 

1 

- 

3 

TOTAL 

NUMBER 

STPSS-LC  -  12 

SPACECRAFT 

FLIGHTS:  STPSS-P  ■  4 


15  17  21 

4  5  5 


TOTAL  NUMBER  OF 
FLIGHTS: 


16 


19 


22 


26 


-180- 


Table  H-20 
CASE  IV (Q) 


PROGRAM  OPTION  4:  ALL  PAYLOADS  ON  MMS  AND  MINIMIZE  NUMBER  OF  FLIGHTS 


MAXIMUM  NUMBER  OF  PAYLOADS 

PER  FLIGHT 

13 

10 

QO 

6 

ORBIT 

SPACECRAFT 

NUMBER  OF  FLIGHTS  - 

NUMBER  OF  PAYLOADS/FLIGHT 

1-S 

MIS 

2 

- 

12 

3 

- 

8 

3 

- 

8 

4 

- 

6 

1-E 

MMS 

3 

- 

13 

4 

- 

10 

5 

- 

8 

7 

- 

6 

2 

MMS 

3 

- 

13 

4 

- 

10 

5 

- 

8 

*7 

- 

6 

3 

MIS 

- 

12 

2 

- 

6 

2 

- 

6 

2 

- 

6 

4 

MMS 

■ 

- 

16 

1 

- 

6 

1 

- 

6 

1 

- 

6 

5 

MMS 

H 

- 

9 

1 

- 

9 

2 

- 

5 

2 

- 

5 

6 

MMS 

■ 

- 

3 

1 

- 

3 

1 

- 

3 

1 

- 

3 

7 

MMS 

m 

- 

3 

1 

- 

3 

1 

- 

3 

1 

- 

3 

8 

MIS 

- 

3 

1 

- 

3 

1 

- 

3 

1 

- 

3 

TOTAL 

NUMBER 

OF 

SPACECRAFT 
FLIGHTS : 

MMS 

14 

18 

21 

26 

TOTAL  NUMBER  OF 

FLIGHTS:  14  18  21  26 
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Table  H-21 
CASE  V(E) 


PROGRAM  OPTION  1:  USE  LEAST  EXPENSIVE  SPACECRAFT  AND  MINIMIZE  NUMBER 


OF  FLIGHTS 


MAXIMUM  NUMBER  OF  PAYLOADS 

PER  FLIGHT 

13 

10 

8 

6 

ORBIT 

SPACECRAFT 

NUMBER  OF  ] 

FLIGHTS 

i _ 

-  NUMBER  OF  PAYLOADS /FLIGHT 

1-S 

STPSS-LC 

0 

- 

0 

0 

- 

0 

1 

- 

5 

2 

- 

5 

1-S 

STPSS-P 

2 

- 

10 

2 

- 

10 

2 

- 

8 

2 

- 

5 

1-E 

AEM 

1 

- 

3 

1 

- 

3 

2 

- 

5 

3 

- 

5 

1-E 

STPSS-LC 

3 

- 

10 

3 

- 

10 

3 

- 

8 

3 

- 

6 

2 

AEM 

3 

- 

7 

3 

- 

8 

4 

- 

7 

5 

- 

6 

2 

STPSS-LC 

1 

- 

13 

1 

- 

10 

1 

- 

8 

1 

- 

5 

3 

STPSS-LC 

1 

- 

10 

1 

- 

10 

2 

- 

5 

2 

- 

5 

4 

AEM 

1 

- 

5 

1 

- 

5 

1 

- 

5 

1 

- 

5 

5 

STPSS-P 

2 

- 

4 

2 

- 

4 

2 

- 

4 

2 

- 

4 

6 

AEM 

1 

- 

3 

1 

- 

3 

1 

- 

3 

1 

- 

3 

7 

AEM 

1 

- 

3 

1 

- 

3 

1 

- 

3 

1 

- 

3 

8 

STPSS-P 

1 

- 

3 

1 

- 

3 

1 

- 

3 

1 

- 

3 

TOTAL 

NUMBER  AEM 

SPACECRAFT  STPSS*LC  “ 
FLIGHTS:  STPSS-P  - 

7 

5 

5 

7 

5 

5 

9 

7 

5 

11 

8 

5 

TOTAL  NUMBER  OF 
FLIGHTS: 


17 


17 


21 


24 
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Table  H-22 

CASES  V(J)  AND  VI (J) 


PROGRAM  OPTION  2:  USE  AEM  AND  MMS  AND  MINIMIZE  NUMBER  OF  FLIGHTS 


MAXIMUM  NUMBER 

OF  PAYLOADS 

PER  FLIGHT 

13 

10 

8 

6 

ORBIT 

SPACECRAFT 

NUMBER  OF  FLIGHTS- 

NUMBER  OF  PAYLOADS/ELIGHT 

1-S 

MMS 

2 

-  10 

2 

- 

10 

D 

- 

8 

4 

- 

5 

1-E 

AEM 

1 

-  13 

2 

- 

10 

- 

8 

4 

- 

6 

1-E 

MMS 

2 

-  10 

2 

- 

7 

H 

2 

- 

5 

2 

AEM 

3 

-  7 

3 

- 

8 

5 

- 

6 

2 

MMS 

1 

-  13 

1 

- 

10 

i 

- 

8 

1 

- 

5 

3 

MMS 

1 

-  10 

1 

- 

10 

2 

- 

5 

2 

- 

5 

4 

AEM 

1 

-  5 

1 

- 

5 

1 

- 

5 

1 

- 

5 

5 

IMS 

1 

-  8 

1 

- 

8 

1 

- 

8 

1 

- 

3 

5 

0 

-  0 

0 

- 

0 

0 

- 

0 

1 

- 

5 

6 

AEM 

1 

-  3 

1 

- 

3 

1 

- 

3 

1 

- 

3 

7 

AEM 

1 

-  3 

1 

- 

3 

1 

- 

3 

1 

- 

3 

8 

IMS 

1 

-  3 

1 

- 

3 

1 

- 

3 

1 

- 

3 

TOTAL 

NUMBER 

OF 

AEM  * 

7 

8 

10 

13 

SPACECRAFT 

FLIGHTS :  MMS  - 

8 

8 

10 

11 

TOTAL  NUMBER  OF 
FLIGHTS: 


15 


16 


20 


24 
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Table  H-23 
CASE  VI (F) 


PROGRAM  OPTION  1:  USE  LEAST  EXPENSIVE  SPACECRAFT  AND  MINIMIZE  NUMBER 
OF  FLIGHTS 


OF 


MAXIMUM  NUMBER  OF  PAYLOADS 

PER  FLIGHT 

13 

10 

8 

6 

ORBIT 

SPACECRAFT 

NUMBER  OF 

FLIGHTS 

-  NUM 

BER  OF  PAYLOADS/FLIGHT 

1-S 

STPSS-LC 

■ 

- 

8 

1 

- 

10 

1 

- 

5 

2 

-  5 

1-S 

STPSS-P 

■ 

- 

13 

1 

- 

10 

2 

- 

8 

2 

5 

1-E 

AEM 

■ 

- 

8 

2 

- 

7 

3 

- 

6 

4 

-  6 

1-E 

STPSS-LC 

2 

- 

13 

2 

- 

10 

2 

- 

8 

2 

-  5 

2 

AEM 

2 

- 

10 

3 

- 

8 

4 

- 

7 

5 

-  6 

2 

STPSS-LC 

1 

- 

13 

1 

- 

10 

1 

- 

8 

1 

-  5 

3 

STPSS-LC 

1 

- 

10 

1 

- 

10 

2 

- 

5 

2 

j 

4 

1 

- 

5 

1 

- 

5 

1 

- 

5 

1 

-  5 

5 

1 

- 

8 

1 

- 

8 

1 

- 

8 

1 

-  5 

5 

0 

- 

0 

0 

- 

0 

0 

- 

0 

1 

-  3 

6 

1 

- 

3 

1 

- 

3 

1 

- 

3 

1 

-  3 

7 

1 

- 

3 

1 

- 

3 

1 

- 

3 

1 

-  3 

8 

STPSS-P 

1 

- 

3 

1 

- 

3 

1 

- 

3 

1 

-  3 

TOTAL 

NUMBER 

AEM 

m 

6 

8 

10 

13 

STPSS-LC 


SPACECRAFT 
FLIGHTS :  STPSS-P 


5 

3 


5 

3 


6 

4 


7 

4 


TOTAL  NUMBER  OF 
FLIGHTS: 


14 


16 


20 


24 
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Appendix  I 

L-AEM  SPECIFICATIONS 


STATEMENT  OF  WORK  FOR  A  SHUTTLE  LAUNCHED  ADAPTATION 
OF  THE  AEM  FOR  LARGE  DIAMETER  PAYLOADS  THAT 
RESULTED  IN  THE  L-AEM  DESIGN 


5.0  CONTRACTOR  TASKS 


5.1  BASELINE  DEFINITION 

The  Contractor  shall  design  a  baseline  adaptation  of  the  AEM  base  module 
for  comparison  with  other  vehicles  by  the  Contractor.  The  baseline 
design  shall  be  consistent  with  the  following  requirements: 

•  The  payload  interface  shall  be  hexagonal  60  in.  in  maximum 
diameter. 

•  The  spacecraft  shall  be  three-axis  stabilized  with  control 
capability  to  0.5  deg  in  pitch  and  roll  and  1  deg  in  yaw, 
with  capability  to  be  modified  to  control  to  6  arc  minutes 
or  spin  stabilized  with  control  capability  to  ±1  deg. 

•  Solid  propulsion  shall  be  provided  to  inject  the  spacecraft 
Into  a  circular  orbit  at  altitudes  up  to  geosynchronous  alti¬ 
tude  (orbiter  altitude  150  n  mi) . 

•  A  SGLS-compatible  telemetry,  timing,  and  control  shall  be 
provided  using  Carrier  I  with  capability  to  also  incorporate 
Carrier  II  for  transmitting  payload  data  at  high  data  rates. 

•  Provision  shall  be  made  for  payload  weights  up  to  1000  lb. 

•  The  power  system  array  shall  be  one-axis  with  setable  angle 
with  100  sq  ft  of  array  area.  Two  20  Ahr  batteries  will  be 
provided . 

•  The  thermal  system  shall  use  louvers  and  heaters  with  a  max¬ 
imum  power  input  from  a  payload  of  10  W  (insulated). 

•  No  single-string  failure  modes. 

5 . 2  SHUTTLE  INTERFACE 

5.2.1  The  shuttle  interface  shall  be  defined  including  an  adapter 

to  support  one  or  more  spacecraft  with  payloads  in  the  shuttle 

over  the  short  or  long  space lab  tunnel  or  over  Orbital  Maneuvering 

System  kit. 


5.2.2  IUS  interface  shall  be  defined. 

5.2.3  Mixed  DoD  payloads  shall  be  considered 
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Appendix  J 

AIR  FORCE  AMD  NASA  CORRESPONDENCE 
ON  PROPOSED  MEMORANDUM  OF  AGREEMENT 


Following  the  completion  of  the  first  phase  of  the  case  study 
(see  Section  IV  for  the  results) .  the  Air  Force  sent  forward  through 
Air  Force  Headquarters  to  NASA  a  proposed  Memorandum  of  Agreement  con¬ 
cerning  the  procurement  of  the  NASA  Small  Multimission  Modular  Space¬ 
craft.  This  appendix  contains  this  proposed  memorandum  of  agreement 
and  the  correspondence  between  NASA  and  the  Air  Force  concerning  it. 
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COPIED 
12  July  1976 


Dear  John: 

For  over  two  years,  the  Space  and  Missile  Systems  Organization  (SAMSO) 
has  been  studying  the  needs,  concepts,  and  utilities  of  free-flyer  spacecraft 
to  be  flown  on  Orbiter  missions.  We  have  concluded  that  there  is  a  need  for 
a  standard  spacecraft  with  capabilities  greater  than  your  Applications 
Explorer  Mission  (AEM)  spacecraft,  but  considerably  less  than  your  Multi- 
Mission  Modular  Spacecraft  (MMS)  to  fly  DoD  Space  Test  Program  experiments 
in  the  Space  Transportation  System  (STS)  era.  We  have  also  concluded  that 
significant  cost  advantages  can  be  achieved  by  adopting  a  standard  space¬ 
craft  configuration  which  could  be  used  by  NASA,  DoD  or  other  government 
agencies. 

In  April  of  this  year,  we  briefed  General  Snavely  and  Mr.  E.  Z.  Gray 
on  our  concepts  and  plans.  In  May  1976,  Goddard  Space  Flight  Center  (GSFC) 
informed  us  that  NASA  plans  to  develop  a  spacecraft  with  capabilities  similar 
to  our  standard  spacecraft.  We  informed  GSFC  that  we  would  use  the  NASA 
standard  spacecraft  if  it  would  be  developed  on  a  schedule  which  meets  our 
needs . 

I  believe  it  is  time  to  formalize  our  intentions.  We  have  prepared  a 
proposed  Memorandum  of  Agreement  (MOA)  which  outlines  our  standard  satellite 
requirements  (attachment  1) .  It  also  presents  our  views  on  the  managerial 
and  financial  responsibilities  of  each  agency  in  the  development  and  procure¬ 
ment  of  the  spacecraft. 

The  Space  Test  Program  is  planning  to  fly  the  first  of  these  spacecraft 
on  the  Orbital  Flight  Test-5  mission.  To  meet  this  schedule,  development  of 
the  spacecraft  would  need  to  commence  in  FY  77.  We  are  prepared  to  provide 
NASA  $1.0M  in  FY  77  funds  to  assist  in  this  effort  to  assure  the  timely 
availability  of  the  spacecraft. 

I  would  appreciate  any  assistance  you  can  provide  in  obtaining  a  rapid 
response  to  our  proposed  MOA.  I  would  also  welcome  your  thoughts  on  the 
appropriate  NASA  signature  level  to  the  agreement  to  assure  commitments  are 
fulfilled. 

Sincerely, 


(Signed)  John  Martin 
Assistant  Secretary 
Research  and  Development 

1  Attachment 

Memorandum  of  Agreement, 
w/1  attachment  ' 

Mr.  John  F.  Yardley 
Associate  Administrator  for 
Space  Flight 
Code  M 

National  Aeronautics  and 
Space  Administration 
Washington,  D.C.  20546 
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MEMORANDUM  OF  AGREEMENT 
ON 

THE  PROCUREMENT  OF 
UGAF  DESIGNATED  SMALL  MULTI¬ 
MISSION  MODULAR  SPACECRAFT 
SYSTEMS 
BETWEEN 

THE  NATIONAL  AERONAUTICS  AND 
SPACE  ADMINISTRATION 
AND 


THE  DEPARTMENT  OF  DEFENSE 


PURPOSE  AND  SCOPE 


PURPOSE:  This  agreement  defines  the  responsibilities  and  policies 
that  will  govern  the  development,  production  and  acceptance  of  the 
Small  Multi-Mission  Modular  Spacecraft  (SMMS)  and  supporting  systems 
for  use  on  Space  Test  Program  (STP)  missions  with  the  Space  Trans¬ 
portation  System  (STS).  This  agreement  is  directive  in  nature  and 
will  serve  as  the  governing  agreement  for  more  detailed  policies  as 
developed  by  the  Implementing  agencies:  Goddard  Space  Flight  Center 
(GSFC)  for  thfe  National  Aeronautics  and  Space  Administration  (NASA) 
and  the  Space  Test  Program  for  the  Department  of  Defense  (DOD) . 
Amendments  or  revisions  to  this  Memorandum  may  be  made  only  by  the 
mutual  consent  of  the  DOD  and  NASA. 

SCOPE :  Effective  and  efficient  use  of  the  STS  demands  an  environment 
of  interagency  cooperation  and  avoidance  of  duplicative  efforts.  STS 
joint  development  and  use  is  covered  by  presidential  directive  issued 
in  January,  1972.  This  agreement  addresses  Joint  NASA  and  DOD 
responsibilities  and  financial  liabilities  for  the  development, 
production  and  use  of  a  STS  compatible  spacecraft  ,  SMMS  ,  and 
supporting  systems. 

EXPLANATION  OF  TERMS:  The  following  explanations  are  provided  to 
clarify  specific  terms  used  in  this  agreement. 

SPACE  TRANSPORTATION  SYSTEM  (STS):  The  STS  is  the  reusable  launch 
vehicle  system  consisting  of  two  solid  rocket  motors,  an  expendable 
fuel  tank,  and  orbiter  vehicle  with  its  payload  bay.  Attendant 
support  systems,  launch  tower  and  operations  services  are  Included 
as  part  of  the  overall  s,yotem.  Existing  NASA  terminology  for  the 
S'PS  will  be  used. 


1 
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2.2  POP  SPACE  TEST  PROGRAM:  The  Space  Test  Program  (STP)  is  a 
Department  of  Defense  (DOD)  activity  under  the  executive  management 
of  the  United  States  Air  Force  (USAF)  to  provide  spaceflight 
opportunities  for  POP  experimenters  who  are  not  authorized  their  own 
means  for  spaceflight. 

2.3  SMALL  MULTI-MISSION  MODULAR  SPACECRAFT  (SMMS) :  Presently,  the  SMMS 
can  he  categorized  as  a  proposed  GSFC  development  for  a  low  cost, 
multi-purpose  spacecraft  bus  which  is  compatible  with  the  STS. 
Supporting  systems  include  the  flight  support  system  and  the  ground 
handling  and  checkout  systems . 

3.0  POLICIES  AND  PRINCIPLES;  Hie  following  policies  and  principles 

will  govern  the  relationship  between  the  DOD  and  NASA  relevant  to 
STP  procurement  and  use  of  the  Small  Multi-Mission  Modular  Spacecraft 
and  support  systems . 

3.1  DELEGATION  OF  AUTHORITY:  The  authority  to  decide  matters  which  are 

binding  on  GSFC  and  STP  in  executing  this  agreement  and  any  other 

supplemental  agreements,  except  where  specifically  reserved  by  the 

undersigned,  is  hereby  delegated  to  these  directors: 

For  the  DOD  Space  Test  Program: 

The  Director  of  the  Space  Test  Program 

Hcadouarters ,  Space  and  Missile  Systems  Organization 

SAMSO/YAT 

P.0.  Dux  92960 

Worldway  Postal  Center 

Los  Angeles ,  CA  90009 
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For  the  NASA  Goddard  Space  Flight  Center: 

The  SMMS  Program  Director 
Goddard  Space  Flight  Center 
Greenbelt,  MD  20771 

All  matters  which  cannot  be  resolved  by  these  organizations  shall 
revert  to  the  undersigned  or  their  designates  for  resolution. 

3.2  GENERAL  FINANCIAL  POLICY:  The  DOD  will  provide  funds  for  SMMS  systems 

and  equipment  for  STP  missions  on  a  firm-fixed  price  basis.  NASA  is 
liable  for  the  developmental  costs  of  the  standard  SMMS  systems  and 
equipment  configurations.  Pending  definition  of  STP  mission  require¬ 
ments  and  acceptable  lease  policies,  STP  may  enter  Into  lease  agree¬ 
ments  with  GSFC  for  reusable  equipment.  Specific  financial  schedules 
will  be  developed  on  a  mission  by  mission  basis  according  to  the 
specific  guidelines  in  paragraph  5. 

4.0  ORGANIZATION  RESPONSIBILITIES  FOR  THE  SMMS  SYSTEMS 

4  ■ 1  SMMS  SYSTEMS  REQUIREMENTS  PREPARATION  AND  PROPOSAL  EVALUATION 

4.1.1  General  SMMS  requirements  are  provided  in  the  SMMS  Requirements 
Attachment  to  this  Memorandum  of  Agreement. 

4.1.2  GSFC  and  STP  are  responsible  jointly  for  the  establishment  of 
the  detailed  SMMS  systems  requirements,  related  exhibits  and 
data  requirements. 

4.1.3  GSFC  will  develop  specifications,  test  and  qualification  criteria  for 
the  SMMS  systems,  subsystems  and  components. 

4.1.4  STP  will  review  these  specifications,  test  and  qualification  criteria 
for  compliance  with  STP  requirements. 

4.1.5  GSFC  and  STP  are  responsible  jointly  for  the  preparation  of  all  SMMS 
systems  acceptance  lest  criteria. 

4.1.6  GSFC  will  prepare  the  request  for  proposal  (KFP)  according  to  NASA 
source  sol ection ^procedures. 
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4.1.8, 

It. 1.9 

4.1.10 

4.1.11 
4.2 
4.2.1 


4. 2. 1.1 

4. 2. 1.2 

4.2.1. 3 

4. 2. 1.4 

4.2.1. 5 
4.2.2 


STP  will  review  the  RFP  documents  for  compliance  with  STP  systems 
performance,  qualification  and  acceptance  requirements.  Deviations 
will  be  assessed  and  resolved  with  GSFC  before  release  of  the  RFP 
to  industry. 

GSFC  will  conduct  the  proposal  evaluation  according  to  established 
NASA  procedures . 

STP  will  advise  GSFC  on  pertinent  STP  requirements  during  the 
proposal  evaluation  period. 

NASA  will  award  the  SMMS  systems  contract(s)  from  among  those  bidders 
which  satisfy  STP  requirements. 

STP  will  concur  in  the  selections ) . 

SMMS  SYS  TEMS  DEVELOPMENT 

GSFC  is  responsible  for  the  development  of  the  SMMS  systems  to  the 
baseline  set  of  requirements  and  specifications  as  established  at 
the  award  of  the  SMMS  development  contraet(s).  These  systems 
include : 

Spacecraft  (SMMS) 

SMMS  Flight  Support  System  (FSS) 

SMMS  Ground  Support  Equipment  (GSE) 

SMMS  Sys  terns  Software 
SMMS  Syi terns  Documentation 

Design  changes  to  the  SMMS  systems  baseline  which  have  resulted 
from  NA^-A  or  STP  mission  unique  requirements  will  he  the  respond 
slbility  of  the  originating  agency. 

STS  imposed  design  changes  to  the  SMMS  systems  will  be  a  NASA 
responsibility  and  fiscal  liability. 


4.2.3 
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1*.2.U 

U.2.5 

4.2.6 

4.3 

4.3.1 

4.3.2 

4. 3.2.1 

4. 3.2.2 
**.3.2.3 
1*. 3.2.U 

**.3.3 

4.3.4 


GSFC  is  responsible  for  generating,  refining  and  maintaining  all 
design  documentation  pertaining  to  the  SMMS  systems.  STF  vill 
have  direct  access  to  contractor  documentation. 

NASA  will  notify  STP  for  all  SMMS  system  level  reviews  and  important 
subsystem  desi&i  meetings. 

STP  will  be  responsible  for  maintaining  the  currency  of  STP  require¬ 
ments  as  related  to  the  SMMS  systems. 

STP  ACCEPTANCE  POLICIES  FOR  SMMS  SYSTEMS 

STP  is  the  DOD  authority  for  the  acceptance  of  any  SMMS  system. 

Specific  conditions  for  acceptance  will  be  established  by  GSFC  for 

each  SMMS  system.  The  general  criteria  guidelines  for  acceptance 

of  SMMS  systems  include: 

conformance  with  system  requirements, 

conformance  with  approved  acceptance  test  procedures, 

subsystems  operating  histories,  and 

component  qualification  status. 

Software  acceptance  is  conditional  on  planned  verification  test  cases 
and  Joint  GSFC  and  STP  validation  requirements. 

After  STP  acceptance  of  an  SMMS  system,  STP  and  its  mission  contractor 
will  assume  primary  responsibility  for  the  hardware  and  the  mission 
integration  and  checkout  activities. 

After  STP  acceptance  of  SMMS  systems,  NASA  will  retain  responsibility 
and  financial  liability  for  insuring  these  systems  are  compatible 
with  the  iTS. 
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5.0  NASA  AND  POD  FINANCIAL  POLICIES:  The  following  financial  policies 

find,  principles  shall  apply  to  the  Snail  Multi-Mission  Modular  Space¬ 
craft  and  supporting  flight,  ground  handling  and  checkout  systems. 

It  is  the  intent  of  this  section  to  enumerate  financial  liability  of 
each  agency  with  respect  to  SMMS  expendable  and  reuseable  equipment, 
software  and  documentation. 

5.1  EXPENDABLE  EQUIPMENT 

5.1.1 

5« 1.1.1  NASA  has  developmental  responsibility  and  non-recurring  fiscal  liability 

for  the  SMMS. 

5. 1.1.2  NASA  has  production  responsibility  per  the  interagency  procurement 
model  and  assumes  recurring  fiscal  liability  for  all  NASA  missions 
using  the  SMMS. 

5.1 .1.3  DOD  has  fiscal  liability  for  the  recurring  costs  of  the  SMMS  needed 
to  support  STP  missions.  Such  liability  shall  be  a  function  of  the 
Joint  agency  cost  model.  DOD  payment  will  commence  to  NASA  three 
years  before  scheduled  launch  on  a  TBD,  TBD  and  TBD  reimbursement 
basis. 


Small  Multi-Mission  Modular  Spacecraft 


5-1.2  Other  expendable  equipment  used  to  satisfy  a  specific  STP  mission 
shall  be  procured  on  a  cost  reimbursement  schedule  as  mutually 
agreed  by  STP  and  GSFC. 

5 .2  REUSABLE  EQUIPMENT 

5*2.1  SMMS  Flight  Support  System  ( pSS ) 
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5. 2. 1.1  NASA  has  developmental  responsibility  and  financial  liability  for 
the  flight  support  system  of  the  SMMS.  DOD  will  fund  NASA  for  the 
recurring  production  costs  of  FSS  for  STP  use. 

5. 2. 1.2  Based  on  the  STP  mission  frequency,  cost  and  availability  of  NASA 
equipment,  DOD  is  liable  for  user  charges  for  the  lease  of  fli^it 
support  equipment  at  a  mutually  acceptable  rate. 

5.2.2  Ground  Support  Eciujpment 

5. 2. 2.1  NASA  has  developmental  responsibility  and  financial  liability  for 
the  ground  support  equipment  (OSE)  of  the  SMMS.  DOD  will  fund  NASA 
for  the  recurring  production  costs  of  GSE  for  STP  use. 

5. 2. 2. 2  Based  on  the  STP  mission  frequency,  cost  and  availability  of  NASA 
equipment,  DOD  is  liable  for  user  charges  for  the  lease  of  ground 
support  equipment  at  a  mutually  acceptable  rate. 

5 . 3  SMMS  SYSTEMS  SOFTWARE  AND  DOCUMENTATION 

5.3-1  NASA  is  responsible  for  the  costs  attendant  to  the  development  and 
test  of  all  SMMS  systems  software  and  SMMS  documentation. 

5.3.2  DOD  is  responsible  for  the  cost  required  to  tailor  the  SMMS  software 
and  documentation  needed  to  satisfy  unique  STP  mission  requirements. 

5.4  SMMS  SYSTEMS  DESIGN  CHANGES 

5-4.1  Pre -award  Phase:  NASA  bears  the  responsibility  and  financial 

liability  for  the  costs  of  design  changes  during  the  pre-raward  phase. 

5-4.2  Development  Phase;  NASA  and  DOD  are  responsible  and  cost  liable  as 
applicable  for  SMMS  systems  design  changes  which  originate  from  each 
respective  agency. 
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.3  Post  Delivery  Phase:  NASA  and  DOD  are  responsible  and  cost  liable 
as  applicable  for  SMMS  systems  design  changes  which  originate  from 
each  respective  agency. 

SCHEDULES :  STP  will  identify  SMMS  and  supporting  systems  delivery 
requirements  to  NASA  on  a  mission  by  mission  basis.  Delivery  and 
destination  schedule  requirements  for  these  systems  shall  be  based 
on  STP  mission  requirements,  integration  lead  times  and  launch  dates. 
NASA  will  consider  these  schedule  requirements  and  recommend  SMMS 
and  supporting  systems  purchase,  lease  arrangements  and  associated 
systems  costs  within  sixty  (60)  days.  Based  on  the  mission  needs 
and  budgetary  constraints,  STP  will  determine  the  preferred  procure¬ 
ment  or  lease  arrangements  for  the  SMMS  and  supporting  systems. 

The  final  mission  specific  agreement  will  form  a  mission  annex  to 
this  membrandum.  NASA  will  retain  full  responsibility  for  meeting 
the  performance,  cost  and  delivery  schedules  of  each  coordinated 
mission  annex. 

This  agreement  is  effective  upon  the  date  of  the  signatures  below. 
Changes  to  or  cancellation  of  this  agreement  may  be  made  only  by 
mutual  consent  of  the  signatories. 
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FOR: 


SIGNATURES 

MEMORANDUM  OF  AGREEMENT 
INTERAGENCY  DEVELOPMENT  AND 
PRODUCTION  OF  THE  SMALL 
MULTI-MISSION  MODULAR  SPACECRAFT 

NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 


i 


DATE 


FOR:  DEPARTMENT  OF  DEFENSE 


SMMS  REQUIREMENTS  ATTACHMENT  TO  MEMORANDUM  OF  AGREEMENT  (Cont’d) 


NOTE:  SMMS  must  consider  selected  SAMSO  policies  and  military  specifications. 


MISSION  ANNEX  TO  MEMORANDUM  OF  AGREEMENT 


MISSION  ANNEX  TO  MEMORANDUM  OF  AG 


SMMS  PROGRAM  MANAGER,  DATE 
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COP  IED 

August  24,  1976 


Honorable  John  J.  Martin 
Assistant  Secretary  of  the  Air  Force 
(Research  and  Development) 

Washington,  D.C.  20330 

Dear  Mr.  Martin: 

The  joint  USAF/NASA  working  group  reviewing  the  Small  Multi-Mission 
Spacecraft  (SMMS)  has  completed  their  study  and  concluded  that  agree¬ 
ment  can  be  reached  on  a  joint  set  of  technical  requirements,  1  believe 
there  Is  an  opportunity  here  for  both  agencies  to  Initiate  such  a  joint 
program  that  will  be  cost  effective  to  each. 

We,  however,  are  In  no  position  to  Initiate  such  a  program  at  this  time 
since  NASA  does  not  have  any  missions  that  require  new  start  funding 
for  SMMS  in  either  FY  77  or  FY  73.  We,  therefore,  cannot  meet  your 
schedule  requirement  of  March  1979  with  such  a  spacecraft. 

There  is  an  alternative  which  may  be  attractive  to  you.  The  recent  Rand 
Study  conducted  for  the  USAF  showed  that  the  Space  Test  Program  (STP)  can 
use  a  combination  of  the  larger  NASA  Multi-Mission  Spacecraft  (MMS)  and 
upgraded  Applications  Explorer  Missions  (A&M)  of  $60-80M.  We  can  jointly 
study  the  feasibility  of  providing  you  one  or  two  of  the  larger  MMS  and 
use  of  the  NASA  planned  Flight  Support  Systems  to  meet  the  March  1979  date 
for  your  Teal  Ruby  mission.  Since  both  the  USAF  Teal  Ruby  spacecraft  and 
the  second  NASA  MMS  flight  are  planned  for  the  fifth  Shuttle  Orbiter  Test 
Flight,  this  approach  would  be  an  efficient  use  of  coeoon  hardware  by 
both  agencies. 

Another  possible  alternative  to  meet  your  near  term  objectives  is  the 
upgrading  and  adaptation  to  the  shuttle  of  the  AEM  spacecraft  now  under 
NASA  contract  to  Boeing  for  two  Scout- launched  missions.  We  will  be  pleased 
to  consider  modifying  this  contract  to  meet  your  requirements,  but  we  have 

no  funds  to  support  any  such  modifications  at  this  time, 

✓ 

Please  let  me  know  of  your  Interest  in  either  of  these  alternatives,  and 
we  will  be  prepared  to  discuss  costs  and  schedules.  From  our  standpoint, 
the  most  attractive  approach  to  a  joint  SMMS  program  would  be  that  the 
USAF  meet  its  short-term  objectives  by  one  of  the  alternatives  above,  and 
join  NASA  In  a  longer  range  development  program  to  meet  both  of  our  long¬ 
term  requirements.  NASA  Is  ready  to  work  toward  this  objective.  Please 
let  me  know  of  your  desires  on  this  matter. 

Sincerely , 


John  E.  Naugle 
Associate  Administrator 

National  Aeronautics  and  Spacs  Administration 
Washington,  D.C.  20546 


-203- 


REFERENCES 


1.  Taber,  John  E.,  Space  Test  Program  Standard  Satellite  Study ,  TRW 

Systems  Group,  23590- 6003-TU-00,  Los  Angeles,  CA.,  October  30, 

1975. 

2.  Conceptual  Design  Study  for  the  Space  Test  Program  Standard  Satel¬ 

lite ,  Aerospace  Corporation,  Los  Angeles,  CA.,  30  May  1975. 

3.  Space  Test  Program  Standard  Satellite  Launch  Optimization  Study , 

Rockwell  International,  Space  Division,  SD75-SA-DBS,  Downey,  CA. , 
September  15,  1975. 

4.  Space  Test  Program  Standard  Satellite  Attitude  Control  and  Deter¬ 

mination  Study,  The  Boeing  Company,  SAMSO-TR-76-14,  Seattle, 
Washington,  October  30,  1975. 

5.  Cepollina,  Frank  J.,  Executive  Phase  Project  Plan  for  Multimission 

Modular  Spacecraft  (MMS) ,  Goddard  Space  Flight  Center,  National 
Aeronautics  and  Space  Administration,  Greenbelt,  Maryland, 

November  1975  (For  Official  Use  Only), 

6.  Galloway,  Eilene,  Peaceful  Uses  of  Outer  Space  and  the  Military 

Role,  Foreign  Affairs  Division,  Legislative  Reference  Service, 
the  Library  of  Congress,  1963. 

7.  Van  Dyke,  Vernon,  Pride  and  Power :  The  Rationale  of  the  Space 

Program,  University  of  Illinois  Press,  Urbana,  Illinois,  1964. 

8.  Rosholt,  Robert  L.,  An  Administrative  History  of  NASA,  1958-1963, 

National  Aeronautics  and  Space  Administration,  NASA  SP-4101, 
Washington,  D.C.,  1966. 

9.  Huntington,  Samuel  P.,  The  Common  Defensive:  Strategic  Programs 

in  National  Politics ,  Columbia  University  Press,  New  York,  N.Y., 
1960. 

10.  Staff  report  on  Project  Vanguard,  in  hearings  on  DoD  appropriations 

for  1960  before  Subcommittee  of  the  Committee  on  Appropriations, 
U.S.  House  of  Representatives,  86th  Congress,  1st  Session,  1959. 

11.  "Government  Operations  in  Space  (Analysis  of  Civilian-Military 

Roles  and  Relationships),"  Thirteenth  Report  by  the  Cormittee 
on  Government  Operations ,  House  Report  No,  445,  U.S.  House  of 
Representatives,  89th  Congress,  1st  Sess.,  June  4,  1965. 

12.  Logsdon,  John  M. ,  The  Decision  To  Go  to  the  Moon:  Project  Apollo 

and  the  National  Interest ,  The  MIT  Press,  Cambridge,  Massachusetts, 
1970. 


204- 


13.  "The  National  Space  Program,"  Report  of  the  Select  Committee  on 

Astronautics  and  Space  Exploration,  U.S.  House  of  Representa¬ 
tives,  85th  Congress,  2nd  Sess.,  1958. 

14.  Greenberg,  Daniel,  "The  Politics  of  Pure  Science,"  Saturday  Review , 

November  4 ,  1967 . 

15.  Griffith,  Allison,  The  Rational  Aeronautics  and  Space  Act:  A  Study 

of  the  Development  of  Public  Policy ,  Public  Affairs  Press, 
Washington,  D.C.,  1962. 

16.  Rational  Aeronautics  and  Space  Act  of  1958,  Committee  of  Conference, 

U.S.  House  of  Representatives,  Report  No.  2166,  Washington,  D.C., 

1958. 

17.  Hearing  on  Bill  9676  before  the  U.S.  House  of  Representatives, 

Washington,  D.C.,  1960. 

18.  The  New  York  Times ,  April  15,  1960,  p.  3. 

19.  Report  of  Activities  During  the  93rd  Congress,  Committee  on  Aero¬ 

nautical  and  Space  Sciences,  United  States  Senate,  94th  Congress, 
1st  Sess.,  Report  No.  94-49,  Washington,  D.C.,  1975. 

20.  Publications  of  the  Comittee  on  Science  and  Astronautics ,  from 

February  1959  -  March  1973 ,  U.S.  House  of  Representatives, 
Washington,  D.C.,  April  1973. 

21.  "Government  Organization  for  Space  Activities,"  Report  of  the 

Committee  on  Aeronautical  and.  Space  Science ,  U.S.  Senate,  86th 
Congress,  1st  Sess.,  Washington,  D.C.,  July  14,  1959. 

22.  Swenson,  Lloyd  S.,  Jr.,  James  M.  Grimwood,  and  Charles  C.  Alexander, 

This  New  Ocean:  A  History  of  Project  Mercury ,  National  Aero¬ 
nautics  and  Space  Administration,  NASA  SP-4201,  1966. 

23.  "Organization  and  Management  of  Missile  Programs,"  Hearings  Before 

the  U.S .  House  of  Representatives,  Washington,  D.C.,  March  13, 

1959. 

24.  Military  Astronautics,  U.S.  House  of  Representatives,  87th  Con¬ 

gress,  1st  Sess.,  Report  No.  360,  Washington,  D.C.,  May  4,  1961. 

25.  President  Kennedy's  State  of  the  Union  Message,  before  a  joint 

session  of  Congress,  May  25,  1961  (see  New  York  Times,  May  26, 
1961,  p.  12,  for  text). 

26.  Current  STP  Payloads,  DoD  Space  Test  Program,  Space  and  Missile 

Systems  Organization,  Los  Angeles,  CA. ,  January  1,  1976. 


-205- 


27.  Johnson,  Colonel  Roger  W.,  et  al.,  "Advanced  Space  Programs: 

Transition  to  the  Space  Shuttle,"  Astronautics  and  Aeronautics, 
September  1976. 

28.  Large  Diameter  Shuttle  Launched-AEM  (LDSL-AEM)  Study,  The  Boeing 

Company,  D268-10656-1,  Seattle,  Washington,  April  1976. 

29.  Rohwer,  C.  J.,  et  al.,  SAMSO  Unmanned  Spacecraft  Model ,  3d  ed., 

SAMSO,  TR-75-229,  Los  Angeles,  CA. ,  August  1975. 

30.  Study  of  Multimission  Modular  Spacecraft  CMMS),  Solar  Maximum 

(SMM)  and  STP  Standard  Satellite  (STPSS)  for  Low  Cost  Systems 
Office  and  SAMSO/STP,  Aerospace  Corporation,  Los  Angeles,  CA., 

30  April  1976. 

31.  Heat  Capacity  Mapping  Mission ,  Base  Module ,  Part  2,  Technical-Type 

I  Mission,  Book  1 — Proposal  D268-10002-1;  and  Book  2 — Proposal 
D268-10002-2,  Space  and  Strategic  System  Group,  Boeing  Aerospace 
Company,  Seattle,  Washington,  March  17,  1975. 

32.  HCMM  Base  Module  Specifications,  Goddard  Space  Flight  Center, 

National  Aeronautics  and  Space  Administration,  S-733-55, 
Greenbelt,  Maryland,  November  1975. 

33.  Letter  from  USAF  Major  William  J.  Niemann,  Chief,  Planning  Divi¬ 

sion,  Space  Test  Program  Directorate,  SAMSO,  to  Mr,  F.  Cepollina 
and  Ms.  M.  Townsend,  Goddard  Space  Flight  Center,  National  Aero¬ 
nautics  and  Space  Administration,  with  attachments,  29  March 
1976. 

34.  Multimission  Modular  Spacecraft  (MIS)  Communications  and  Data 

Handling  Subsystem  Specification,  Goddard  Space  Flight  Center, 
National  Aeronautics  and  Space  Administration,  S-700-15, 

December  1975. 

35.  Standard  Telemetry  and  Cormand  Components  Central  Unit  Specifica¬ 

tion,  Goddard  Space  Flight  Center,  National  Aeronautics  and 
Space  Administration,  GSFC-S-700-51,  Greenbelt,  Maryland, 
November  1975. 

36.  Applications  Explorer  Missions  (AEM) ,  Mission  Planner’s  Handbook, 

Goddard  Space  Flight  Center,  National  Aeronautics  and  Space 
Administration,  Greenbelt,  Maryland,  May  1974. 

37.  Low  Cost  Modular  Spacecraft  Description,  Goddard  Space  Flight 

center.  National  Aeronautics  and  Space  Administration,  Greenbelt 
Maryland,  May  1975. 

38.  Mechanical  System  Specification  for  the  Multimission  Modular  Space 

craft  (MMS),  Goddard  Space  Flight  Center,  National  Aeronautics 
and  Space  Administration,  Greenbelt,  Maryland,  November  1975. 


Technical  Proposal  for  a  Multimiseion  Modular  Spacecraft  Fabrica¬ 
tion  Program,  Rockwell  International,  Downey,  CA. ,  January  9, 


1976. 


1 


| 


i 


BIBLIOGRAPHY 


"Defense  Space  Interests,"  Hearings  Before  the  Committee  on  Science 
and  Astronautics ,  U.S.  House  of  Representatives,  87th  Congress,  1st 
Sess.,  Washington,  D.C.,  March  1961. 

Margolis,  Howard,  Technocratic  and  Political  Models  of  the  Decision  To 
Go  to  the  Moon,  Institute  for  Defense  Analyses,  International  and 
Social  Studies  Division,  Note  24-823,  Arlington,  Virginia,  September 
1972. 

Moss,  Frank  E.,  "How  the  Senate  Committee  on  Aeronautical  and  Space 
Sciences  Functions,"  AIAA  Student  Journal ,  Summary  1976. 

"The  NASA-DoD  Relationship,"  Report  of  the  Subcommittee  on  NASA  Over¬ 
sight  of  the  Committee  on  Science  and  Astronautics ,  U.S.  House  of 
Representatives,  88th  Congress,  2nd  Sess.,  Series  1.,  Washington, 
D.C.,  1964. 

"NASA  Supplemental  Authorization  for  Fiscal  Year  1959,"  Hearings  Before 
the  NASA  Authorization  Subcommittee  of  the  Committee  on  Aeronautical 
and  Space  Sciences ,  U.S.  Senate,  86th  Congress,  1st  Sess.,  Washing¬ 
ton,  D.C.,  February  19  and  20,  1959. 

"The  Next  Ten  Years  in  Space,  1959-1969,"  Staff  Report  of  the  Committee 
on  Astronautics  and  Space  Exploration,  U.S.  Senate,  85th  Congress, 

2nd  Sess.,  Washington,  D.C.,  1959. 

"Posture  of  the  National  Space  Program,"  Report  of  the  Committee  on 
Science  and  Astronautics,  U.S.  House  of  Representatives,  88th  Con¬ 
gress,  1st  Sess.,  Series  B,  Washington,  D.C.,  1963. 

Wolf,  c.,  et  al..  Pricing  and  Recoupment  Policies  for  Commercially 
Useful  Technology  Resulting  from  NASA  Programs ,  The  Rand  Corporation, 
R-1671-NASA,  January  1975. 


